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Р Е З Ю М Е 
И З У Ч Е Н И Е КОМПОНЕНТОВ ДИУРЕТИЧЕСКОГО Ф Е Н О Л Э Ф И Р А ПЕТРУШКИ. I 
Г . М А Р Ц А Л , М. Б А Л О Г , Г. В Е Р З А Р - П Е Т Р И 
Апиол и миристицин были изучены в экстракте из корня , листьев и семян у растений 
Petroselinum hortense va r . longum, ип.роко культированного в Венгрии, разными хромато-
графическими методами, и также использованием физических постоянных, с особым учетом 
онтогенеза. Установили значительное колебание и постепенное обогащение двух хими-
ческих соединенно в настоящем листе к концу вегетационного периода первого года. 
Д А Н Н Ы Е ОБ И З М Е Н Е Н И И С О Д Е Р Ж А Н И Я ЦИАНИСТОГО ВОДОРОДА У 
СУДАНСКОГО (SOKGUM SUDANENSE) И У Т Е Х Н И Ч Е С К О Г О СОРГО (SORGUM 
В1 COLO H VAR. TECHNICUM) ВО ВРЕМЯ ВЕГЕТАЦИОННОГО П Е Р И О Д А 
Й. В Е Т Т Е Р , Е. Х А Р А С Т И 
В нашем опыте содержание цианистого водорода было определено у некоторых 
сортов сорго (Sorgum) с начала прорастания до фазы цветения. В опыте исследовались 
следующие сорта: Sorgum sudanense, H y b a r Mv 301, Hyba r BB 7301, Hybar BB 7302, 
Szarvasi 350, SzC 40, Sorgum bicolor var . technicum. Содержание цианистого водорода 
семян, проростков и листьев 2 1 - 124-дневных растений определялось с помощью микро-
метода пикриновой кислоты, модифицированным для анализа маленьких проб. Параллель-
но с этим было определено и изменение сухого вещества. На основании проб, взятых в 
десять сроков, было установлено, что семена изученных растений содержат очень мало 
цианистого водорода, водном случае даже небыли обнаружены следы. Очень интенсивное 
повышение уровня цианистого водорода было обнаружено на четвертый день прорас-
тания, когда проростки находились в стадии быстрого, продольного роста. В более позд-
них периодах вегетативного роста (21 и 35-дневные) был зафиксирован постепенно пони-
жающийся уровень цианистого водорода в каждом изученном растении. Далее, в период 
до цветения уровень цианистого водорода — с некоторыми колебаниями - продолжал сни-
жаться. У большинства сортов данные самых последних проб оказались самыми низкими. 
По существу сходная тенденция обнаружена у всех семи изученных сортов и гибридов. 
МОРФОЛОГИЧЕСКИЕ ПРИЗНАКИ ИНТЕРЛЮДИИ И К Е Л А Т Н Ы Е КОМПЛЕКСЫ 
М И О З И Н К О Н Т А К Т П Ы Х АМИНОКИСЛОТ С АТР. (ДОКАЗАТЕЛЬСТВО 
СУЩЕСТВОВАНИЯ ЦИСТЕИН-ГИСТИДИН И ЦИСТЕИН-АТР КОМПЛЕКСОВ) 
И . О В А Р И , Ш . Ф А З Е К А Ш , В. С Е К Е П И И И - Х Е Р М А Н H , И . К О Б О В И Ч , П . Ю Х А С 
Опыты были выполнены для того, чтобы подтвердить флуоресцентное подавление 
интеракции АТР и келатных комплексов (Фазекаш и др. 1976), и участие контактных 
аминокислот в ферментативной активности миозина. Приведено значительное количество 
доказательств, показывающих, что в то время как интеракция и келатные кристаллы раз-
В1 впются, они имеют разный морфологический вид и неменяющуюся или устойчивую 
анизотропию. Это показывает, что кристаллы различаются по их качественным признакам 
и т а к ж е по форме и размерам. Результаты подтверждают не только существование АТР 
комплексов, но и существованье интеракции АТР-цпстеин, циаеик-гистидин и АТР-
цистеин-гистидин и келатных комплексов, которые, повидимому, надо рассматривать как 
первичные промежутки на активном участке миозина. 
ПРОДУКТИВНОСТЬ НЕКОТОРЫХ ГЕНОТИПОВ ЛЮЦЕРНЫ В УЗКО- и 
Ш И Р О К О Р Я Д Н Ы Х ПОСАДКАХ. II. ОТБОР РОДИТЕЛЬСКИХ К Л О Н О В в 
УСЛОВИЯХ П Р О М Е Ж У Т О Ч Н Ы Х ПОСАДОК 
А. И. Р А М М А Х , 3 . Б Э Й Т Э Ш 
Стеблевые черенки полуродственных растений Сыли отселектьрованы в широко-, 
промежуточно- и узкорядных посадках у четырёх генетически различных типов люцерны 
и пересажены в две посадочные системы. Материалы были случайно распределены внутри 
повторности таким ж е образом в двух посадочных системах. Генотипическая и фенотипи-
ческая изменчивость, выраженная как генетическая и фенотипическая коварианса, были 
выше в угю X посадах, чем в широких посадках. Порядок исследованных генотипов был 
явно различный в двух посадочных системах. Урсжай сухого вещества был наименее 
устойчивым признаком, а высота растений наименее чувствительным признаком в условиях 
конкуренции. Отселектнрованные генотипы эректоидных и полуэректоидных типов из 
широкой посадки были лучшими, когда исследовались в широкой посадке, но были наихуд-
шими, когду изучались в узкой посадке. Отборы стелющихся и полустелющнхся типов из 
широкой посадки дали более высокую урожайность в широкой посадке. Число стеблей и 
толщина были наиболее важными факторами, влияющими на продуктивность отобранных 
генотипов в промежуточном питомнике, когда они пересаживались в ряды, т. е. в условия 
коммерческого производства. 
И З У Ч Е Н И Е ОБЕСПЕЧЕННОСТИ АМИНОКИСЛОТАМИ ПОРОСЯТ ПОРОДБ1 
«ХУНГАХИБ» 
Й . Е Ч А И , М. С Е Л Е Н И - Г А Л А Н Т А И , Б . Ю Х А С 
Потребность в лизике у ьенгерсксй белей евькьи мясного типа и свиньи «Хунга-
хиб» была изучена в группе тем сгыте по определению азстообсрста. Установлено, что 
свинья венгерской белой породы мясного типа на первой стадии откармливания нуждается в 
0 ,8% лизина в зависимости от содержания белка корма, но на поздней стадии откармлива-
ния ей достаточно и 0 ,6%. Потребность в лизине у свиньи «Ахиб» в случае кормовой 
смеси сходного состава более высокая: даже выше, чем 1,0%. Между азото-ретенционными 
величинами, полученными в ходе опытов по изученью азоюоборота, и содержанием лизи-
на кровяной плазмы были найдены математические связи. Корреляция между содержа-
нием свободных аминокислот кровяной плазмы и азоторетенционными величинами г 
0,8268 между содержанием лизина корма и азоторетенцией г = 0,9716. Подобная интен-
сивная связь была обнаружена между содержанием лизина, усвоенного с кормом, и со-
держанием лизина кровяной плазмы, где г = 0,8865. 
NON NOBIS SOLUM NATI SUMUS 
(CICERO, DE O F F I C I I S 1, 22) 
This issue oj our journal is respectfully dedicated 
to the memory oj Proj. György Mándy, esteemed preceptor oj 
the Managing Editor 
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P r o f e s s o r G y ö r g y M á n d y , h e a d of d e p a r t m e n t a t t h e ' D e b r e c e n A g r i c u l t u r -
a l U n i v e r s i t y , d o c t o r of t h e b io log ica l s c i e n c e s , wor ld f a m o u s ecologis t of c u l t i -
v a t e d p l a n t s , a n o u t s t a n d i n g r e p r e s e n t a t i v e of v a r i e t y t a x o n o m y a n d a n e m i -
n e n t r e s e a r c h e r on t h e o r i g i n of a g r i c u l t u r a l p l a n t s , a l e a d i n g p e r s o n a l i t y in t h e 
t e a c h i n g of a g r i c u l t u r a l b o t a n y , died on 3 0 t l i M a y 1976, a t t h e age of 63 . 
H e w a s b o r n in B u d a p e s t on 2 9 t h A u g u s t 1913 a n d q u a l i f i e d as a s e c o n d a r y 
schoo l t e a c h e r in 1935. E v e n b e f o r e r e c e i v i n g h is d i p l o m a h e d e c i d e d t o d e v o t e 
h i s life t o s t u d y i n g t h e v a r i e t i e s of c u l t i v a t e d p l a n t s , a n d b e g a n h is w o r k 
of m a k i n g o b s e r v a t i o n s , c o l l e c t i n g d a t a a n d c a r r y o u t e x p e r i m e n t s fo r v a r i e t y 
c o m p a r i s o n a t t h e i n s t i t u t e of P r o f . Z o l t á n S z a b ó . Z o l t á n S z a b ó ' s g e n e r a l 
b o t a n i c a n d g e n e t i c e x p e r i m e n t a l w o r k , h i s p e r c e p t i o n of p r o b l e m s , s e n s e 
of v o c a t i o n , a n d sense of v a l u e s , w h i c h w a s r o o t e d in t h e h u m a n i t y o f h i s 
r i ch p e r s o n a l i t y , s e rved a s a c o n s t a n t e x a m p l e t o h i m . H e c a r r i e d o u t e d u c a -
t i o n a l a n d r e s e a r c h w o r k w i t h e x t r e m e d i l i g e n c e and e n t h u s i a s m , a n d w i t h 
a d e e p s ense of v o c a t i o n , a n d a l r e a d y in t h e e a r l y y e a r s f o u n d m a n y f o l l o w e r s 
a m o n g t h e y o u n g a n d g a i n e d m a n y f r i e n d s a m o n g his e l d e r co l l eagues . O w i n g 
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t o his o u t s t a n d i n g sense of p ro f e s s iona l v o c a t i o n , his t h o r o u g h ho t an i c k n o w l -
edge and e x c e p t i o n a l l y w i d e l y based b io log ica l in te res t he was a p p o i n t e d 
a t a c o m p a r a t i v e l y young a g e as l ec tu re r in t h e B o t a n y D e p a r t m e n t a t t h e 
College of H o r t i c u l t u r e (now t h e U n i v e r s i t y of H o r t i c u l t u r e ) . 
W i t h i n a s h o r t t ime he w r o t e a t e x t - h o o k on h o r t i c u l t u r a l b o t a n y , t h e n , 
w i t h a c o - a u t h o r , a n o t h e r o n e on the p l a n t b r eed ing a s p e c t s of genet ics . H e 
a t t a c h e d g r e a t i m p o r t a n c e t o p l a n t p h y s i o l o g y as the t h e o r e t i c a l hasis of h o r t i -
c u l t u r e and p u b l i s h e d l ec tu re n o t e s on th i s s u b j e c t too. H e s t a r t e d a pe r iod ica l 
on the s u b j e c t of ag r i cu l tu ra l b o t a n y . H e organized t h e i n s t r u c t i o n in t h i s 
e l e m e n t a r y s u b j e c t a t a h i g h leve l , and b e c a u s e of his p ro f e s s iona l bias, w h i c h 
w a s roo ted in h i s love of v o c a t i o n , he was t h e m a x i m a l i s t t y p e of l ec tu re r , a n d 
his wide a n d t h o r o u g h k n o w l e d g e m a d e h i m a s t r ic t t e a c h e r . 
L a t e r lie con t inued his sc ien t i f i c w o r k a t t h e T o b a c c o Resea rch S t a t i o n 
in E r d , on a f i r m theo re t i ca l bas i s of a g r i c u l t u r a l b o t a n y a n d in a p r o g r a m m e 
of p rac t i ca l i m p o r t a n c e . H e c a r r i e d ou t t h e c o m p a r a t i v e e v a l u a t i o n of t o b a c c o 
var ie t ies w i t h r e g a r d to t h e i r a c t i v e s u b s t a n c e p r o d u c t i o n a n d ecology, w o r k i n g 
m o s t l y w i t h H u n g a r i a n v a r i e t i e s , h u t also w i t h m a n y f o r e i g n var ie t ies of o u t -
s t a n d i n g i m p o r t a n c e . His s t u d i e s on t h e t a x o n o m y a n d eco logy of t o b a c c o 
var ie t i es p r o v i d e d m a n y d a t a , on which he g r o u n d e d a n e w concep t ion of t h e 
ecology of c u l t i v a t e d p l a n t s . H e c o n t i n u e d t h i s p r o g r a m m e 011 a c o n s i d e r a b l y 
wider scale a t t h e B o t a n i c a l R e s e a r c h I n s t i t u t e of the H u n g a r i a n A c a d e m y of 
Sciences, V á c r á t ó t , and a t t h e Resea r ch I n s t i t u t e s a n d E x p e r i m e n t a l F a r m s 
of t h e M i n i s t r y of A g r i c u l t u r e . D a t a f r o m si tes in d i f f e r e n t regions f u r t h e r 
deepened h i s v i e w of p l a n t eco logy a n d h i s a t t i t u d e t o w a r d s t h e e v a l u a t i o n of 
c u l t i v a t e d va r i e t i e s . His w o r k here t o o k a n e w d i rec t ion in t h e l a u n c h i n g of 
t h e " K u l t u r f l o r a " series: h e w a s t h e w r i t e r , e d i t o r and o r g a n i z e r of m a n y vo l -
umes . His p rofess iona l e n t h u s i a s m was b o u n d l e s s , n o t h i n g could i m p e d e his 
a c t i v i t y ; h e a l w a y s m a n a g e d t o f i nd t i m e t o discuss p r o f e s s i o n a l top ics a n d t o 
t a lk t h e m o v e r wi th his s t u d e n t s ; he was a l w a y s sorry w h e n these d i s cus s ions 
c a m e to a n e n d a n d never t r i e d t o h u r r y t h e m . H e was n e v e r s h o r t of t i m e , a n d 
c o m p l e t e d h i s dai ly work q u o t a in t h e e v e n i n g , a t n i g h t , o r in the e a r l y h o u r s 
of t he m o r n i n g u n d e r the s t i m u l u s of m e n t a l p leasure . H i s e x t e n s i v e c o r r e s p o n -
dence a n d p rofess iona l w r i t i n g were d o n e a t n igh t , u n t i r i n g l y . His c r e a t i v e 
r h y t h m w a s in imi tab le , t h o u g h his s t u d e n t s a n d f r i ends w e r e g rea t ly i n s p i r e d 
b y his e x a m p l e . 
A t t h e Resea rch I n s t i t u t e of S o u t h - E a s t T r a n s d a n u b i a in I r e g s z e m c s e , 
a n d l a t e r a t t h e I n s t i t u t e of A g r o b o t a n y in Tápiószele h e b r o u g h t t h e v a r i e t a l 
t a x o n o m y , ecology and p r o d u c t i v i t y of c u l t i v a t e d p l a n t s t o p e r f e c t i o n , a n d 
e s t ab l i shed a school wi th_the p a r t i c i p a t i o n of m a n y of his s t u d e n t s . H e d e v e l o p -
ed the m e t h o d o l o g y of s t a g g e r e d sowing a n d made it s u i t a b l e for t h e ecological 
e v a l u a t i o n of var ie t ies a n d f o r an o b j e c t i v e c lass i f ica t ion b y m e a n s of m a t h e -
m a t i c a l f o r m u l a e . B y i n t r o d u c i n g t h e ecologica l index lie gave a t h e o r e t i c a l 
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e x p l a n a t i o n of t he i m p o r t a n c e of t he v a r i e t y f r o m t h e p o i n t of view of y ie ld 
re l iab i l i ty , a n d d e t e r m i n e d e x p e r i m e n t a l l y t h e o p t i m u m sowing t i m e of t h e 
var ie t ies b y c h a r a c t e r i z i n g i t wi th t h e s h o r t e s t f l ower ing pe r iod . Th is p r o v e s 
the role of e n d o g e n o u s f a c t o r s du r ing t h e e a r l y s tages of d e v e l o p m e n t in in-
duc ing i n t e r a c t i o n s b e t w e e n ecological f a c t o r s . I n his n e w i n t e r p r e t a t i o n of t h e 
concep t of f i e ld r e s i s t ance h e po in ted o u t t h a t pa tho log i ca l r e s i s t ance is t h e 
d i rec t c o n s e q u e n c e of t h e j o i n t e f fec t of o p t i m u m ecological c o n d i t i o n s . H e 
suppl ied c o n v i n c i n g e v i d e n c e t h a t t he d e g e n e r a t i o n of a v a r i e t y and t h e g e n e t i c 
change t a k i n g place in v a r i e t i e s are in c lose corre la t ion w i t h t h e se lec t ive ro le 
of t h e eco logica l f a to r s , a n d t h i s m o d e r n v i e w p o i n t led t o t h e r ea l i za t i on t h a t 
t h e v a r i e t i e s , t y p e s , p r o g e n i e s and lines of c u l t i v a t e d p l a n t s c a n bes t be p r e s e r v -
ed b y s t o r i n g t h e m in s u c h a w a y t h a t t h e i r g e r m i n a t i n g a b i l i t y is m a i n t a i n e d , 
since r e p e a t e d sowing t r a n s f o r m s t h e v a r i e t y b y sor t ing o u t ce r t a in t y p e s . 
His a p p o i n t m e n t t o t h e Chair of B o t a n y and P l a n t P h y s i o l o g y a t t h e 
Debrecen A g r i c u l t u r a l U n i v e r s i t y gave h i m grea t p l e a s u r e , because b e s i d e s 
widen ing t h e scope of h i s research w o r k he got i n v o l v e d in t h e e d u c a -
t ion of y o u n g people . H i s h igh sense of v o c a t i o n m a d e h i m an e n t h u s i a s t i c 
t eache r a n d his zeal o f t en led h i m to e x p e c t t o o much of his f i r s t - y e a r s t u d e n t s , 
t h u s c a u s i n g a cer ta in a m o u n t of t e n s i o n . B u t n o t h i n g c o u l d sap his e n e r g y 
and a c t i v i t y . H e wrote t e x t - b o o k s , o r g a n i z e d conferences a n d a r r a n g e d c u l t u r a l 
p r o g r a m m e s . Besides y ie ld re l iab i l i ty he a l w a y s k e p t in m i n d t h e n e c e s s i t y of 
increased p r o d u c t i v i t y , a n d t h e r e f o r e c o n s i d e r e d ag r i cu l tu ra l c h e m i z a t i o n t o be 
i n d i s p e n s a b l e , b u t he w a s a s t rong cr i t ic of t h e excess ive use of c h e m i c a l s , 
be ing a w a r e of t h e need f o r ag r i cu l tu ra l e n v i r o n m e n t a l p r o t e c t i o n . 
M á n d y r e g a r d e d t h e p r o p a g a t i o n of k n o w ledge as an e x t r e m e l y i m p o r t a n t 
t a s k , a n d as t h e head of t h e H a j d ú - B i h a r c o u n t y sect ion of t h e Socie ty f o r t h e 
D i s s e m i n a t i o n of K n o w l e d g e ( T I T ) he t o o k a n act ive p a r t in cu l tu ra l p r o -
g r a m m e s . As a m e m b e r of t h e p e r m a n e n t c o m m i t t e e of t h e B o t a n i c a l Sec t i on he 
encou raged t h e d e b a t i n g s p i r i t , and a l w a y s g a v e an e n t h u s i a s t i c a ccoun t of h is 
l a tes t r e s u l t s , op in ions a n d w o r k i n g h y p o t h e s e s . As t h e l e a d e r of t he T e s s e d i k 
Socialist B r i g a d e he w o r k e d u n t i r i n g l y in a p p l y i n g t h e o r e t i c a l k n o w l e d g e t o 
p rac t ica l p r o d u c t i o n work , c a r r i ed a w a y b y his sense of v o c a t i o n and his l o v e 
of science. 
His s p i r i t u a l c o n c e n t r a t i o n , unpa ra l l e l edd i l i gence , e x e m p l a r y sense of 
voca t ion a n d u n p r e c e d e n t e d c a p a c i t y for w o r k w ill r emain a l ive in the des i re of 
his s t u d e n t s a n d f r i ends t o s e r v e t h e sc iences , a n d in the m e m o r y of t h o s e w h o 
ca r ry ou t r e s e a r c h in the f i e l d of p l an t e c o l o g y . 
B . I . P O Z S Á R 
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PHENOL-ETHER COMPONENTS OF DIURETIC EFFECT 
IN PARSLEY, I 
By 
G . M A R C Z A L , M . B A L O G H , G . V E R Z Á R - P E T R I 
INSTITUTE OF PHARMACOGNOSY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST 
In root, leaf and fruit extracts of Petroselinum hortense var. longum, which is 
widely cultivated in Hungary, apiol and miristicine were studied with various chro-
matographic methods and by measuring the physical constants, with special regard 
to ontogeny. The two compounds were found to show a considerable fluctuation and 
gradual enrichment in the foliar leaves by the end of the first year of vegetation. 
In troduct ion 
A c o n s i d e r a b l e p a r t of t h e U m b e l l i f e r o u s p l a n t s g r o w n in H u n g a r y b a v e 
a w e l l - k n o w n t h e r a p e u t i c e f f ec t . P a r s l e y , fo r e x a m p l e , is u s e d as a d i u r e t i c or 
fo lk m e d i c i n e in t h e p o p u l a r m e d i c i n e (WEISS 1960, BRAUN 1968). T h e d i u r e t i c 
e f f e c t is d u e to t h e v o l a t i l e oil w h i c h h a s t w o b i o a c t i v e c o m p o n e n t s : ap io l a n d 
m i r i s t i c i n e (Fig . 1). B o t h are c o m p o u n d s of t h e p h e n o l - e t h e r t y p e . A p i o l is 
st i l l a c t i v e a t a 6 : 100 ,000 , m i r i s t i c i n e a t a 1 : 1 0 0 , 0 0 0 d i l u t i o n . C o n s i d e r i n g 
t h a t t h e a m o u n t of t h e s e c o m p o u n d s v a r i e s w i t h t h e d i f f e r e n t o r g a n s a n d cul-
t i v a t e d v a r i e t i e s , n o t al l t h e v o l a t i l e oi ls a re used in t h e r a p y , as p o i n t e d o u t 
b y S t a h l a n d J o r k , w h o e x a m i n e d t h e oil f r o m d i f f e r e n t o r ig ins in E u r o p e a n d 
f o u n d t h a t c e r t a i n oi ls a r e r i che r i n a p i o l a n d o t h e r s in m i r i s t i c i n e (STAHL — 




Fig. 1. Formulae for apiol and miristicine 
Material a n d Method 
First we examined the physical and chemical constants of volatile oil placed at our 
disposal by the Szilasmenti Co-operative Farm and of another oil which we produced our-
selves according to the prescriptions of the Hungarian Standard, and measured their apiol 
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and miristicine contents by the method of Thorns- Rosenthaler (KARMAZIN 1955). In producing 
volatile oil by vapour distillation we used the roots, leaves and fruits of Pelroselinum hortense 
var . longum which we grew ourselves. 
Changes in the main active substances of plants during ontogenesis were followed in 
serial tests. Pelroselinum hortense var. longum plants were grown in sandy soil at Pestlőrinc. 
From the plants sown in the second half of April samples were taken two weeks after sowing, 
then every two weeks successively. The plant material was separated into organs and dried 
at room temperature. Petroleum-ether (b. p. 40 -70°C) extracts were prepared from the drug 
using Soxleth apparatus. The apiol and miristicine contents of the extracts were examined 
by thin-layer chromatography using silica gel—G (Merck) as absorbent and benzol as a sol-
vent system (STAHL 1962), with the aid of test materials. On the slides, developed w ith phospho-
ric molybdenum acid, colour intensity was measured by densitometry (SCHRATZ— QUADRY 
1966). The main components were eluated from a preparative thin layer. The isolated sub-
stances were identified on the basis of m.p. (apiol: 30°C) and refraction index (miristicine: 
1.54). The purity of the substances was examined with various methods of thin-layer chromato-
graphy and checked by gas chromatography. Solvent systems used for contra processes were 
benzol, benzol-ethyl-acetate 90 : 10, chloroform-benzol 75 : 25 and petroleum-ether 95 : 5. 
Gas-chromatographic analyses were carried out in a Jeol .TGC 1100 apparatus with 
f lame ionization detector, using parameters different from those known so far in the literature 
( S T A H L — T R E N N H E U S E R 1 9 6 0 ; W A G N E R — H Ö L Z L 1 9 6 8 ) . S e n s i t i v i t y w a s 4 . 1 0 - 1 0 . T h e 1 m 
long, 3.8 mm inner diameter glass column contained Chromosorb W packing material 
moistened with 2 per cent OV—1, the carrier gas was N2. The incoming pressure of the 
carrier gas was 0.7 kp/cm2, the injector temperature 180°C, the detector temperature 240°C. 
The volume of the input sample was 0.5 /d. Paper speed was 0.5 cm/minute. 
Results 
T h e e x a m i n a t i o n of f r e s h l y d i s t i l l ed v o l a t i l e oi ls fo r p h y s i c a l a n d c h e m i c a l 
c o n s t a n t s c o v e r e d op t i ca l r o t a t i o n , r e f r a c t i v e i n d e x , s p e c i f i c g r a v i t y , so lu-
b i l i t y (in 9 5 % a l c o h o l ) , t h e a c i d a n d es te r n u m b e r s as well as e s t e r n u m b e r 
a f t e r a c e t y l a t i o n ( T a b l e 1). 
Table 1 
Physical and chemical constants of volatile oil in parsley 
Dens i ty 
R e f r a c t i v e 1 




n u m b e r 
Ester 
number 
E s t e r 
n u m b e r 
a f t e r 
ace ty la -
t i o n 
Solubil ity in 
90% 
alcohol 
Seed oil, own 1.060 1.513 — 8.2° 1.8 5.4 34.2 1 + 8 
( prescription of the 
Hungarian 
Standard MSz 
14533 73) 1.031 1.512 — 4°—10° up to 5 1 — 11 4 20 1 4 ( 4 8) 
1.103 1.528 
Leaf oil, own 0.883 1.504 2°15' 2.3 10.3 37.8 1 + 8 
(prescription of the 
Hungarian 
Standard MSz 
14532-73) 0.898 1 .500 - max. 1 5 - 1 4 1 5 - 4 0 l + (2 4) 
1.000 1.526 
I n t h e c o u r s e of g a s - c h r o m a t o g r a p h i c s t u d i e s t h e r e t e n t i o n t e m p e r a t u r e s 
of i so l a t ed ap io l a n d m i r i s t i c i n e w e r e e s t a b l i s h e d u n d e r p r o g r a m m e d c o n d i t i o n s 
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Fig. 2a. Gas-chromatogram of isolated miristicine and parsley r o o t oil; demonst ra t ion of 
rniristicine in root oil by addition 
b, 
Fig. 2b. Gas-chromatogram of isolated apiol and parsley root oil: demonstrat ion of apiol in 
root oil by addi t ion 
(Table 2). By adding isola ted apiol and miristicine t h e apiol and mir is t ic ine 
contents of the parsley roo t oil were identif ied and t h e i r ratio es tab l i shed 




Rf 1 Rt 
Apiol 120°C 5.1 minutes 
Miristicine 140°C 11.6 minutes 
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By e v a l u a t i n g the oil c o n t e n t of the leaf we have arrived a t t h e conclusion 
t h a t myris t ic ine and apiol are contained in t h e leaf oil in e q u a l quant i t ies . 
Mvristicine was found to he t h e inain c o m p o n e n t of the f r u i t oil (Fig. 3). 
Fig. 4 shows the compara t i ve gas -chromatogram of root a n d leaf ex t rac t s 
obta ined f rom t h e material w h i c h we grew ourselves. Apiol a n d myrist icine are 
f o u n d in the r o o t a t a ratio of 1 : 1, while in t h e leaf there is a b o u t ten t imes as 
m u c h mirist icine as apiol. Figs 5 and 6 show t h e results of t h in - l aye r chromato-
g r a p h y for t h e t w o main ac t ive substances a t different t imes of collection. 
Fig. 7 gives an account of changes in t h e apiol and myr is t ic ine con ten t s 
dur ing ontogenesis . 
At the beginning, only miristicine can be observed in t h e leaf ex t r ac t . 
I t s quan t i ty g radua l ly increases during the vege ta t ive period, reaches a maxi-
Iig. 3. Compara t ive g a s - c h r o m a t o g r a m of leaf oil and f r u i t oil 
Fig. 4. Compara t i ve g a s - c h r o m a t o g r a m of root and leaf e x t r a c t s 
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Fig. 6. D e m o n s t r a t i o n of apiol a n d mir is t ic ine by t h i n - l a y e r c h r o m a t o g r a p h y in leaf oil 
o b t a i n e d a t d i f fe rent s a m p l i n g t imes 
m u m on the s even th occasion of sampling (f i rs t week of Augus t ) , t hen falls 
below the initial level, indicat ing the a u t u m n s t a t e of dormancy , which is no t 
followed by a n y morphological change in the f i r s t year. Apiol f i r s t appears in 
a demonst rable q u a n t i t y on t h e four th occasion of sample collecting. I t s 
q u a n t i t y increases evenly, reach ing the m a x i m u m likewise on the seven th 
occasion of sampl ing , remains a t th is level in sample VI I I , t hen decreases. 
Of the two phenol-ether t y p e compounds , apiol shows an increasing ten-
dency in the root as well, while miristicine decreases f rom the ini t ia l high level, 
reaching a m i n i m u m in samples IV and VII. I n t h e eighth sample the two com-
pounds are at t h e same level, t h e n their quan t i t i e s suddenly fall . 
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Fig. 5. D e m o n s t r a t i o n of apiol a n d mir is t ic ine b y t h i n - l a y e r c h r o m a t o g r a p h y in roo t oil 
| j o b t a i n e d a t d i f fe rent s a m p l i n g t imes 








IF - pound 
miristicine 
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C o m p a r i n g t h e d i a g r a m s of l ea f a n d r o o t , w e f i n d t h a t on t h e s e v e n t h 
occas ion of s a m p l i n g , in t h e f i r s t w e e k of A u g u s t , w h e n t h e p l a n t s a r e a t 
t h e s t a g e of f u l l d e v e l o p m e n t , t h e a c t i v e s u b s t a n c e s a c c u m u l a t e in t h e l e a f , 
wh i l e t h e i r q u a n t i t i e s r e a c h a m i n i m u m i n t h e r o o t . 
B y t h e e n d of t h e v e g e t a t i v e p e r i o d t h e q u a n t i t i e s of t h e t w o c o m p o u n d s 
in t h e r o o t w h i c h o v e r w i n t e r s d e c r e a s e , wh i l e in t h e lea f p r o b a b l y in 
petroleum-ether extract petroleum-ether extract 
ot parsley leaf of parsley root 
Fig. 7. Changes in apiol and miristicine contained in leaf and root oils during ontogenesis 
c o n n e c t i o n w i t h a s s i m i l a t i o n t h e y i n c r e a s e u n t i l t h e d e s t r u c t i o n of t h e 
fo l i age o c c u r s a t t h e e n d of t h e s u m m e r . T h e i r r e l a t i v e p a r a l l e l t r e n d s u g g e s t s 
t h a t t h e r e is n o a n t a g o n i s t i c r e l a t i o n b e t w e e n t h e m , w h i c h is i m p o r t a n t f r o m 
t h e p o i n t of v i e w of a poss ib le c h e m i c a l s e l e c t i o n . F u r t h e r r e g i s t r a t i o n of 
c h a n g e s in t h e i r q u a n t i t i e s d u r i n g t h e v e g e t a t i v e p e r i o d m a y p r o v i d e t h e poss i -
b i l i t y of p l a n n i n g t h e q u a l i t y of oil a n d c a r r y i n g o u t y i e l d c a l c u l a t i o n s . 
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CHANGES IN THE HYDROGEN CYANIDE CONTENT OF 
SUDAN GRASS (SORGHUM SUDANENSE) AND 
RROOMCORN (SORGHUM BICOLOR VAR. TECHNICUM) 
DURING THE GROWING SEASON 
By 
J . V E T T E R , E . H A R A S Z T I 
DEPARTMENT OF BOTANY, UNIVERSITY OF VETERINARY SCIENCES, BUDAPEST 
Changes in the hydrogen cyanide content from the beginning of germination 
to the phase of flowering were determined in some Sorghum plants. The varieties included 
in the experiment were: Sorghum sudanense, Hybar Mv 301, Hybar BB 7301, Hybar 
BB 7302, Szarvasi 350, SzC 40 and Sorghum bicolor var. technicum Szegedi 425—70. 
A modified picric acid micro-method suitable to analyse small numbers of samples 
was used to determine the hydrogen cyanide content in the seeds and leaves of seedlings 
and 21 124 days old plants; changes in the dry matter content were measured parallel. 
On the basis of samples taken on ten occasions we found tha t the seeds of the examined 
plants contained but very small quantities of hydrogen cyanide; in one of the cases it 
could not be pointed out even in traces. A very intensive increase of the HCN level 
was observed on the fourth day of germination, when the seedlings were in the phase 
of a rapid longitudinal growth. In later phases of vegetative development (on the 21st 
and 35th days) the hydrogen cyanide level gradually decreased in all experimental 
plants. In the subsequent period up to the stage of flowering the hydrogen cyanide 
level showed a further decrease, though with some fluctuation. The values obtained 
on the last occasion of sampling were found to be the lowest in most varieties. In essen-
tials, the same tendency was observed in all the seven examined varieties and hybrids, 
respectively. 
In troduct ion 
T h e s t u d y of p l a n t s c o n t a i n i n g c y a n o g e n i c g l y c o s i d e s h a s r e c e n t l y c o m e 
in to t h e l i m e l i g h t a g a i n . T h i s is p r o v e d b y t h e i n v e s t i g a t i o n s a imed a t c l a r i -
f y i n g t h e b i o s y n t h e s i s , a c c u m u l a t i o n a n d gene t i c p r o b l e m s of th i s g r o u p of 
c o m p o u n d s c o n s i d e r e d as s e c o n d a r y m e t a b o l i c p r o d u c t s , t h e i r d i s t r i b u t i o n 
a m o n g t h e p l a n t p a r t s (NASS 1972, WOLF WASHKO 1 9 6 7 ) , t h e p o l y m o r p h i s m 
of c y a n o g e n e s i s (JONES 1973) , a s well as t h e d i f f e r e n t w a y s of d e c o m p o s i t i o n 
of t h e s e c o m p o u n d s (LOA D et. al. 1971, WATTENBERGER et al. 1968). B e y o n d 
t h e p l a n t p h y s i o l o g i c a l i m p o r t a n c e of t h e q u e s t i o n t h e s u b j e c t is m a d e i n t e r e s t -
ing b y p l a n t b r e e d i n g , g e n e t i c a l a n d t o x i c o l o g i c a l a s p e c t s a s wel l . A c o n s i d e r a -
b le — a n d j u s t i f i e d a t t e n t i o n has b e e n p a i d e.g. to t h e c y a n o g e n i c g l y c o s i d e s 
of Manihot esculenta, a m a j o r ca lor ie c a r r i e r fo r n e a r l y f o u r h u n d r e d m i l l i o n 
p e o p l e , as p o i n t e d o u t a t a s c i e n t i f i c c o n f e r e n c e he ld i n L o n d o n in 1 9 7 3 
( N E S T E L — M C I N T Y R E 1 9 7 3 ) . 
O n t h e h a s i s of e x t e n s i v e i n v e s t i g a t i o n s we k n o w t h a t c y a n o g e n i c g l y c o -
s ides h a v e so f a r b e e n f o u n d in n e a r l y 1 0 0 0 p l a n t species m o s t of w h i c h b e l o n g 
t o t h e f a m i l i e s Passifloraceae, Gramineae a n d Leguminosae (TAPPER REAY 
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1973) . S i m i l a r d a t a were p u b l i s h e d in an e a r l i e r p a p e r of o u r s (HARASZTI 
TÖLGYESI 1966) . Bes ides t h e d a t a of c h e m o t a x o n o m i c i m p o r t a n c e m o s t l y 
r e f e r r i n g t o Lotus a n d Trifolium species - n o t m u c h has h e e n d o n e t o f o l l o w 
t h e q u a n t i t a t i v e c o r r e l a t i o n s b e t w e e n t h e d e v e l o p m e n t p h a s e a n d t h e c y a n o -
g e n i c g lycos ide c o n t e n t of t h e p l a n t s . C o n s i d e r i n g t h e u n r e l i a b i l i t y of t h e m e t h o d s 
u s e d so f a r t o p o i n t ou t a n d d e t e r m i n e q u a n t i t a t i v e l y t h e c y a n o g e n i c g l y c o -
s i d e s , one of o u r p u r p o s e s w a s t o e l a b o r a t e a r e l i a b l e m i c r o - m e t h o d . I n posses s ion 
of t h i s m e t h o d a f u r t h e r a i m w a s t o c a r r y o u t c o m p a r a t i v e s t u d i e s on s o m e 
Sorghum sudanense v a r i e t i e s o n t h e basis of s a m p l e s t a k e n i n d i f f e r e n t p h a s e s 
of d e v e l o p m e n t . 
M a t e r i a l and m e t h o d 
The plants included in our investigations were: Sorghum sudanense, Hybar Mv 301, 
Jlybar BB 7301. Hybar BB 7302, Szarvasi 350, SzC 40, Sorghum bicolor var. technicum Szegedi 
425— 70. The initial phase of germination was studied on seeds germinated in Petri-dishes kept 
in dark at 26°C: the plants were grown from seed in culture pots under the usual glasshouse 
conditions. 
The cyanogenic glycoside content was characterized by the quant i ty of CN~ released 
during the enzymatic (glycosidase) hydrolysis. The theoretical basis of our method was pro-
vided by the colour reaction of CN~ and picric acid (SNELL—SNELL 1959). Determination was 
carried out in the following way: aliquot (150- 200 mg) samples of seeds and leaves of seedlings 
and developed plants, respectively, were homogenized with distilled water in a mortar, or with 
a Potter—Elvehjem type homogenizer, with constant cooling. HCN was released then occluded 
in picric acid in a system immersed in water bath and supplied with C02-free air current. 
Determination was carried out at 52°C for 30 minutes. The carbon dioxide content of the air 
was occluded by 20 per cent KOH or 10 per cent Ba(OH), . The occlusion of HCN was carried 
out by 10 ml alkaline solution of picric acid (2.28 g picric acid in 1 litre 0.25 N NaOH). The 
colour of picric acid against the CN~-free solution prepared under similar conditions was mea-
sured at 480 m/< by a Spektromom 361 type spectrophotometer. The C N - content was cal-
culated from the obtained extinction values on the basis of a calibrating curve prepared in the 
above system. For standard material we used KCN; HCN was released from its freshly made 
solution with 3 N HCl. 
The obtained data are given in /ig CN~/g fresh weight, fig C N _ / g dry weight un i t ; 
the plant samples are characterized by the arithmetical mean (x) and standard deviation (s) 
of t h e d a t a (SVÁB 1973) . 
Resu l t s 
I n o u r e x p e r i m e n t c h a n g e s in t h e c y a n o g e n i c g l y c o s i d e c o n t e n t d u r i n g 
g e r m i n a t i o n a n d t h e v e g e t a t i v e d e v e l o p m e n t were f o l l o w e d o n t h e bas i s of t h e 
r e l eased H C N c o n t e n t . A c c o r d i n g to o u r d a t a (Table 1, F i g s 1 and 2) s e e d s 
of v a r i o u s Sorghum sudanense v a r i e t i e s c o n t a i n e d b u t l i t t l e H C N ; t h e m e a s u r e d 
v a l u e s r a n g e d b e t w e e n 2 . 1 5 a n d 33 ) ig /g s eed . I n t h e s e e d s of Sorghum 
bicolor v a r . technicum n o t e v e n t r a ce s of h y d r o g e n c y a n i d e w e r e f o u n d . M e t a -
bol ic p r o c e s s e s s t a r t i n g w i t h g e r m i n a t i o n d i d n o t c a u s e c o n s i d e r a b l e c h a n g e s 
in t h e f i r s t 24 h o u r s in t h e C N - c o n t e n t e i t h e r ; ou r d a t a r a n g e d b e t w e e n 0 
a n d 22 p g / g f r e s h w e i g h t . T h e n e x t o c c a s i o n of m e a s u r i n g w a s on t h e 4 t h d a y 
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Fig. 1. Changes in the cyanogenic glycoside content during germination and vegetative 
developmen' 
/ jg cyanide / g fresh weight 
Fig. 2. Changes in the cyanogenic glycoside content during germination and vegetative 
development 
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Table 1 
Changes in the cyanide contents of the examined plants of various age 
Cyanide 
O's/6 fresh weight ) 
Age o f p l a n t ( d a y , ) 
0 
(seed) 1 4 21 35 4 8 













Hybar Mv 301 X 2.15 15.05 242.22 58.45 36.76 58.42 
s 3.04 2.08 57.14 26.69 20.13 13.10 









































SzC 40 X 25.80 3.43 255.63 80.59 118.68 33.66 
s 23.20 1.87 52.21 20.10 19.56 17.62 
Sorghum bicolor v a r . X 0.00 5.15 295.52 130.26 48.15 37.94 
technicum Szegedi 425—70 s 0.00 2.33 67.01 26.49 6.65 12.90 
of g e r m i n a t i o n , t h a t is , in t h e p e r i o d of i n t e n s i v e l o n g i t u d i n a l g r o w t h . T h e 
h y d r o g e n c y a n i d e v a l u e s of t h e s m a l l s e e d l i n g s w e r e f o u n d t o b e v e r y h i g h , 
g e n e r a l l y r a n g i n g b e t w e e n 130 a n d 3 0 0 p g / g f r e s h w e i g h t ; one of t h e H y b a r 
v a r i e t i e s ( H y b a r B B 7302) e v e n a t t a i n e d a v a l u e of 7 1 4 pg . T h e d a t a u n a n i -
m o u s l y s h o w t h a t b e t w e e n t h e f i r s t a n d f o u r t h d a y s of g r o w t h a d e c i s i v e c h a n g e 
o c c u r r e d in t h e H C N c o n t e n t , s ince w e f o u n d an e i g h t - t o h u n d r e d f o l d i n c r e a s e 
of v a l u e s . 
O n t h e n e x t o c c a s i o n s a m p l e s f o r o u r e x p e r i m e n t a l ser ies w e r e t a k e n f r o m 
21 d a y s o ld p l a n t s g r o w n in c u l t u r e p o t s . T h e H C N c o n t e n t m e a s u r e d in t h e 
l e a v e s w a s l o w e r ; a f e w p e r c e n t d e c r e a s e w a s f o u n d in Sorghum sudanense, 
a n d a v e r y c o n s i d e r a b l e (45 75 p e r c e n t ) d e c r e a s e in t h e o t h e r p l a n t s . O n t h e 
3 5 t h d a y t h e d a t a s h o w e d a f u r t h e r d e c r e a s i n g t e n d e n c y . T h e v a l u e s o b t a i n e d 
g e n e r a l l y r a n g e d b e t w e e n 36 a n d 65 / tg /g f r e s h w e i g h t w i t h t h e e x c e p t i o n of 
Sorghum sudanense SzC 40 w i t h 118 .68 a n d Sorghum sudanense w i t h 19.95 
pg . D a t a r e l a t e d t o u n i t f r e s h w e i g h t s h o w e d a f u r t h e r d e c r e a s e , t h o u g h t h e 
r a t e of d e c r e a s e w a s s o m e w h a t s l o w e r . E . g . t h e C N _ c o n t e n t of Sorghum 
sudanense d e c r e a s e d g r a d u a l l y f r o m 9 6 p g / g f r e s h w e i g h t on t h e 4 8 t h d a y t o 
46 / lg/g b y t h e 1 2 4 t h d a y . T h e f i g u r e s c l e a r l y s h o w t h a t in t h e e x a m i n e d var ie -
t i e s of Sorghum sudanense a m o r e o r l e s s s i m i l a r t e n d e n c y w a s o b s e r v e d . A few 
v a l u e s d e v i a t i n g f r o m t h e g e n e r a l t r e n d of d e c r e a s e o r s t a g n a t i o n w e r e also 
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(x: arithmetical mean; s: standard deviation) 
content 
(/lg/g dry w e i g h t ) 
Age of p lant ( d a y s ) 
62 76 97 1 2 4 48 72 76 97 124 
80.47 67.40 59.33 46.43 628.31 475.57 398.33 363.69 232.0 
25.08 3.95 13.72 11.00 31.80 148.22 23.34 84.10 55.0 
64.00 54.56 25.05 68.79 379.14 371.84 354.09 148.04 286.1 
14.93 18.74 19.35 16.56 85.01 86.74 121.52 114.35 68.8 
92.66 58.82 24.29 81.48 325.21 579.12 394.68 137.96 449.7 
27.41 13.65 12.13 11.79 95.78 171.31 91.59 68.89 65.0 
69.01 46.82 22.90 22.78 498.98 436.14 279.98 122.97 84.2 
29.63 11.14 16.00 16.00 50.80 187.26 66.61 85.92 59.2 
82.98 42.57 30.49 75.24 443.28 429.85 272.82 192.69 268.6 
27.71 10.76 17.58 16.51 169.52 143.53 68.97 111.10 58.9 
103.84 43.21 39.80 38.05 288.88 592.92 302.03 243.97 158.28 
30.78 11.87 8.53 10.06 119.81 175.75 82.97 52.28 41.8 
77.18 62.02 102.01 33.10 291.75 484.69 465.77 621.24 149.61 
40.64 20.76 16.70 18.56 99.20 255.21 155.90 101.70 83.89 
Table 2 
The data of dry matter content of the examined plants of various age (in per cent 
of fresh weight) 
(x: arithmetical mean; s: standard deviation) 
D r y matter 
(in per cen t o f fresh weight) 
A g e o f plant (davs) 
48 62 76 9 7 124 
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measu red (e.g. 103.68 and 102.01 pg/g f resh we igh t in the 62 days old Sorghum 
sudanense SzC 40 and 97 d a y s old Sorghum bicolor v a r . technicum Szeged i 
425 — 70 p l a n t s , r e spec t ive ly ) . 
T h e l a s t samples t a k e n on the 124 th d a y were a l r e a d y at the s t a t e of 
f lower ing . T h e values o b t a i n e d then were e i t h e r the lowest of all in the f u n c t i o n 
с 
of t i m e ( H y b a r B B 7302, Sorghum bicolor v a r . technicum Szegedi 425 70), 
or were n e a r t o the lowes t va lues . I n no case was a n y cons iderab le i nc rease 
in t h e h y d r o g e n cyanide c o n t e n t po in ted o u t . 
T h e d r y m a t t e r c o n t e n t of our p l a n t s gave v a l u e s increas ing b e t w e e n 
t h e 48 th a n d 124th d a y s in consequence of the o rgan ic m a t t e r p r o d u c t i o n . 
T h e r a t e of increase g e n e r a l l y was 5 t o 15 d r y weight p e r c e n t a g e ( T a b l e 1). 
A cons iderab le decrease of t h e d a t a is g e n e r a l l v seen, s i nce e.g. the C N ^ con-
t e n t of Sorghum sudanense w a s 60 per c e n t , t h a t of H y b a r В В 7302. 82 p e r cen t 
lower. T h e change of t h e d r y m a t t e r c o n t e n t r ep r e sen t ed b u t a small p a r t of 
th i s r e m a r k a b l e change . I t is i n t e re s t ing t h a t the lowes t cyanide v a l u e s per 
u n i t d r y w reight were o b t a i n e d in th ree cases for 97 d a y s o ld and in f o u r cases 
for 124 d a y s old p l a n t s . 
Discussion 
I n our i nves t i ga t i ons changes in t h e cyanogen ic glycosides of Sorghum 
sudanense va r ie t ies in t h e course of d e v e l o p m e n t were m e a s u r e d as a p a r t of a 
p l a n n e d m o r e ex tens ive p r o g r a m m e . T h e choice of p l a n t s was j u s t i f i e d 
a m o n g o t h e r s — b y t h e g r e a t ag r i cu l tu ra l i m p o r t a n c e of t h e Sorghum species 
and var ie t ies of which a c c o u n t is given f r o m a d i f fe ren t a s p e c t by a n u m b e r of 
fore ign a n d H u n g a r i a n d a t a too (e.g. PECZNIK RAATZ 1962, KÜKEDI 1968). 
T h e gene t ic and p lant phys io logica l i nves t iga t ions h a v e a l r e a d y c la r i f ied some 
deta i l s of t h e m e t a b o l i s m of cyanogenic glycosides, a n d a b o v e all of t h e genet ic 
aspec t s of cyanogenes is . I n case of Sorghum species m u l t i g e n i c t r a n s m i t t a n e e 
seems t o be an e s t a b l i s h e d fac t (BARIVETT CAVINESS 1968, HUGHES 1973). 
Sorghum sudanense, Sorghum bicolor as well as the i r v a r i e t i e s con ta in d h u r r i n 
(MAO et al. 1965). W e k n o w t h a t th is c o m p o u n d d e c o m p o s e s t h r o u g h a two-
phase e n z y m a t i c r e a c t i o n to glucose, hyd rogen c y a n i d e and p - h y d r o x y -
b e n z a l d e h y d e (SEELY et al. 1966): 
1. d h u r r i n —1l"C08lda8l p - h y d r o x y m a n d e l o n i t r i l e + glucose 
2. p - h y d r o x y m a n d e l o n i t r i l e °xyn"r ' la"U HCN -(- p - h y d r o x y b e n z a l d e h y d e 
O u r s tudies are c lose ly l inked w i t h earl ier i n v e s t i g a t i o n s into t h e cyano-
genic glycoside c o n t e n t of S u d a n grass . I n fac t , t h e y a r e abou t two q u e s t i o n s : 
1. w h a t is t h e a m o u n t of cyanogenic g lycosides p o t e n t i a l l y present in t h e p l an t , 
and 2. w h a t p ropo r t i on — and t h a t u n d e r w h a t c o n d i t i o n s - is h v d r o l y s e d and 
re leased in the toxic H C N ? 
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I t is k n o w n t h a t t h e p r e c u r s o r of t h e b i o s y n t h e s i s of c y a n o g e n i c glyco-
s ides is a n a m i n o a c i d , e .g . t y r o s i n e in t h e case of d h u r r i n , of w h i c h t h e com-
p o u n d m a y be f o r m e d t h r o u g h a s h o r t r e a c t i v e p a t h w a y (CONN 1973). 
P r a c t i c a l e x p e r i e n c e s ca l l a t t e n t i o n t o t h e d a n g e r s o f excess ive n i t r o g e n fe r t i -
l i z a t i o n t o o ( P E C Z N I K R A Á T Z 1 9 6 2 , G I L L I N G H A M et al. 1 9 6 9 ) . 
O u r d a t a fo l low t h e c h a n g e s of t h e H C N c o n t e n t i n t h e Sorghum v a r i e t i e s 
a n d h y b r i d s f r o m t h e b e g i n n i n g of g e r m i n a t i o n . I t h a s b e e n p o i n t e d o u t t h a t 
t h e i n t e n s i v e c h a n g e s o f p r o t e i n a n d n i t r o g e n t u r n o v e r , t a k i n g p l a c e d u r i n g 
g e r m i n a t i o n , i n d u c e a v e r y high H C N v a l u e on t h e f o u r t h d a y in all v a r i e t i e s . 
I n a l a t e r p h a s e of v e g e t a t i v e d e v e l o p m e n t t h e a l r e a d y p h o t o s y n t h e t i z i n g 
p l a n t s s h o w e d a g r a d u a l l y d e c r e a s i n g H C N p r o d u c t i o n w h i c h f r o m t h e 4 8 t h 
d a y on d i d n o t e s s e n t i a l l y c h a n g e , n o t e v e n a t t h e s t a g e of f l o w e r i n g . A c c o r d i n g 
t o e a r l i e r d a t a (WOLF WASHKO 1967) i n t h e t h r e e p h a s e s of g r o w t h of Sorghum 
vulgare v a r . S X - 1 1 t h e v a l u e of H C N w a s a l w a y s h i g h e r in t h e lea f b l a d e a n d 
g r a d u a l l y d e c r e a s e d in t h e ve ins a n d s t e m . T h e a u t h o r s e x p l a i n e d t h e lower 
H C N c o n t e n t of o lde r p l a n t s b y t h e i n c r e a s i n g p r o p o r t i o n of p l a n t p a r t s w i t h 
lower h y d r o g e n c y a n i d e c o n t e n t s . O u r d a t a c o n t r a d i c t t h i s t h e o r y b y p o i n t -
ing o u t t h e s t a g n a t i o n o r dec rease of H C N c o n t e n t f o r t h e leaf b l a d e on ly . 
W e f u r t h e r f o u n d t h a t t h e Sorghum s p e c i e s a n d v a r i e t i e s s h o w e d t h e m a x i m u m 
H C N c o n t e n t a t a n e a r l y s t a g e of d e v e l o p m e n t . 
N a t u r a l l y , ou r d a t a o n l y r e fe r t o c h a n g e s in t h e q u a n t i t y of p o t e n t i a l l y 
g iven c y a n o g e n i c g l y c o s i d e s ; t h e t h o r o u g h k n o w l e d g e o f f a c t o r s c a u s i n g a q u i c k 
h y d r o l y t i c d e c o m p o s i t i o n is a d i f f e r e n t p r o b l e m . T h e f a i r l y large n u m b e r of 
r e l e v a n t d a t a (e.g. TAPPER REAY 1973) c o n c e r n p a r t l y t h e e n z y m e s o f h y d r o -
lys is a n d t h e f a c t o r s d e t e r m i n i n g t h e i r a c t i v i t y , p a r t l y t h e role of v a r i o u s 
e x t e r n a l f a c t o r s ( e x t r e m e w e a t h e r c o n d i t i o n s , f r o s t , u n b a l a n c e d w a t e r r e g i m e , 
v a r i o u s m e c h a n i c a l i m p a c t s , e tc . ) . T h e a s p e c t s of f o d d e r p r o d u c t i o n , l i v e s t o c k 
b r e e d i n g a n d t o x i c o l o g y a l so m a k e i t n e c e s s a r y t o c a r r y o u t m a n y - s i d e d a n d 
d e t a i l e d s t u d i e s on p l a n t s c o n t a i n i n g c y a n o g e n i c g l y c o s i d e s . 
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MORPHOLOGICAL FEATURES OF INTERACTION AND 
CHELATE COMPLEXES OF MYOSIN CONTACT AMINO 
ACIDS WITH ATP 
(EVIDENCE F O R THE EXISTENCE OF CYSTEINE —HISTIDINE 
AND CYSTEINE —ATP COMPLEXES) 
By 
I . Ó V Á R Y , S . F A Z E K A S , V . S Z É K E S S Y - H E R M A N N , I . K U B O V I C S , P . J U H Á S Z 
C L I N I C O F P S Y C H I A T R Y , S E M M E L W E I S M E D I C A L U N I V E R S I T Y , B U D A P E S T ; 2nd I N S T I T U T E O F 
C H E M I S T R Y A N D B I O C H E M I S T R Y , S E M M E L W E I S M E D I C A L U N I V E R S I T Y , B U D A P E S T ; I N S T I T U T E 
OF G E O C H E M I S T R Y , EÖTVÖS L O R Á N D U N I V E R S I T Y , B U D A P E S T 
Experiments have been performed in order to confirm the fluorescence quench-
ing of ATP interaction and chelate complexes (FAZEKAS et al. 1976), and the partici-
pation of contact amino acids (Lys, His) and methylated amino acids (Me-N r-His, 
TML) in the enzymatic activity of myosin. A considerable amount of evidence is given 
here, indicating that as the interaction and chelate crystals develop they have different 
morphological aspects and varying or strong anisotropy, showing that the crystals 
differ in their qualitative features, and also in shape and size. The results confirm not 
only the existence of ATP complexes, bu t also that of ATP-Cys, Cys-His and ATP-
Cys-His interaction and chelate complexes, which must, presumably, be regarded as 
primary intermediates on the active site of myosin. 
In troduct ion 
A T P t a k e s p a r t i n t h e e n z y m a t i c a c t i v i t y of m y o s i n in t h e f o r m of a Mg 
c h e l a t e (BAGSHAW TRENTHAM 1974). S i n c e A s m a l l a m o u n t of p h o s p h o h i s t i -
d i n e w a s a l so f o u n d in a l k a l i n e h y d r o l y s a t e s (FAZEKAS SZÉKESSY-HERMANN 
1974) , w e c a m e t o t h e c o n c l u s i o n t h a t i n t h e p r e s e n c e of ATP a n u m b e r of 
h i g h e n e r g y N p h o s p h a t e b o n d s of h i s t i d i n e d e v e l o p i n t h e h e a d p a r t of m y o s i n 
( F A Z E K A S et al. 1 9 7 6 ) . 
I t w a s a s s u m e d t h a t t h e c o n t a c t a m i n o acids ( L y s , Cys ) and m e t h y l a t e d 
a m i n o a c i d s ( N - M e - H i s , * T M L * * ) of m y o s i n t a k e p a r t i n t h e p h o s p h o r y l a t i o n 
of h i s t i d i n e , m e a n w h i l e f o r m i n g i n t e r a c t i o n or c h e l a t e c o m p l e x e s . TYIHAK 
et al. (1974) d e s c r i b e d t h e o c c u r r e n c e o f a c o n s i d e r a b l e n u m b e r of m e t h y l a t e d 
a m i n o a c i d s a n d s u m m a r i s e d t he i r b i o l o g i c a l f u n c t i o n s . 
T h e f o r m a t i o n of m y o s i n A T P i n t e r m e d i a t e s c a u s e s a c h a n g e in t h e u l t r a -
v io le t s p e c t r u m of m y o s i n (BAGSHAW—TRENTHAM 1 9 7 4 ) ; b u t c o n t a c t a m i n o 
ac id s a n d m e t h y l a t e d a m i n o ac ids also a l t e r t h e U V s p e c t r u m of A T P i n v i t r o 
a n d i n d u c e t h e q u e n c h i n g o f A T P f l u o r e s c e n c e b o t h i n t h e p re sence a n d a b -
sence of M g C l 2 , as d e s c r i b e d in a p r e v i o u s p a p e r (FAZEKAS et al. 1976) . 
* 1-Me-His = Me-N"-His, and 3-Me-His = Me-n'-His. 
** N£-trimethyllysine. 
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T h e s e i n t e r a c t i o n a n d c h e l a t e c o m p l e x e s of A T P and H i s a r e v e r y s t a b l e 
a n d d e v e l o p v a r i o u s c rys t a l s t r u c t u r e s . T h e y p r o v i d e in v i t r o e v i d e n c e of t h e 
f o r m a t i o n of A T P che la t e s w i t h t h o s e a m i n o a c i d s which o c c u r in t h e h e a v y 
c h a i n of m y o s i n , a n d s h o w t h a t t h i s is also p o s s i b l e in v ivo . 
Materia l and m e t h o d s 
In order to demonstrate the crystal structure of the chelates, we used all the complexes 
which were prepared from stoichiometric ratios of ЛТР and contact amino acids of myosin 
for our fluorescence quenching examinations (FAZEKAS et al. 1976). In addition, the experi-
ments were extended to include several new reaction mixtures, in order to confirm our previous 
results. Since the stability constant (log Ks) of complex formation depends 011 the number of 
ligatids, and since this number is greatest when the metal-ligand ratio is 1 : I, the stoichio-
metric ratio was chosen both for MgCL and all the other ligands. The ligands were used either 
in their free form (His, Me-His, TML) or in the HCl form (Lys, Cys), while ATP was used 
as the monosodium salt, using exclusively 0.1 N NaOFI in order to produce a pH of 7.0, so 
tha t the only secondary reaction product would be sodium chloride crystals. The reaction 
mixtures were diluted with an equal volume of acetone and the developing crystals were 
observed continuously, starting immediately after mixing. The residues of the reaction mix-
tures were stored at 15°C until the end of the experiment, i.e. for almost 2 months. 
One or two drops of each mixture were crystallised on normal and grooved plates and 
the crystals were examined at room temperature with a Zeiss Ergaval microscope, using a 
polarisation device fi t ted with a A/4 compensator plate in a diagonal position. All the photo-
graphs were taken using a Zeiss automatic camera with a Zeiss Planapochroinat 16 X objective 
and a Zeiss 3.2 X ocular at standard camera length. 
Results 
T h e p r e s e n t p a p e r o f f e r s e v i d e n c e n o t o n l y of f l u o r e s c e n c e q u e n c h i n g 
h u t also of t h e f o r m a t i o n of i n t e r a c t i o n a n d c h e l a t e c o m p l e x e s , as o b s e r v e d 
o n t h e bas i s of d i c h r o i s m . I n t h e v a r i o u s r e a c t i o n m i x t u r e s b o t h w e a k l y a n d 
s t r o n g l y a n i s o t r o p i c c r y s t a l s c o u l d he d e t e c t e d . T h e q u a l i t a t i v e a n d m o r p h o -
logical d i f f e r e n c e s in t h e s h a p e a n d size of t h e d e v e l o p i n g c r y s t a l s were w o r t h y 
of c o n s i d e r a t i o n . 
T h e A T P f l u o r e s c e n c e s p e c t r u m h a s a v e r y n a r r o w r a n g e in t h e u l t r a -
v i o l e t , a r o u n d 3 0 0 n m , a n d g e n e r a t e s a c lose r a n g e m a x i m u m . C o n s e q u e n t l y 
i t p r o d u c e s s t r o n g l y a n i s o t r o p i c c r y s t a l s w i t h v e r y p r o n o u n c e d d i c h r o i s m 
( F i g . l a ) . M i c r o c r y s t a l (6Ц a n d a g g r e g a t e (b.,) f o r m s of m a g n e s i u m ch lo r ide a r e 
d e v e l o p e d a n d t h e s e are a l s o a n i s o t r o p i c , a s a re t h e n e e d l e - l i k e c r y s t a l s of 
h i s t i d i n e (c). M g 2 + ions h a v e t h e e f f e c t of s l i g h t l y r e d u c i n g t h e A T P f l u o r e s c e n c e 
e m i s s i o n ; in a s imi l a r m a n n e r t h e a n i s o t r o p y of t h e Mg—ATP c h e l a t e c r y s t a l s 
is s l igh t ly d i f f e r e n t f r om t h a t of A T P (d) . H i s t i d i n e , h o w e v e r , caused s t r o n g 
f l u o r e s c e n c e q u e n c h i n g in t h e A T P - H i s d e r i v a t e r e a c t i o n m i x t u r e , a n d t h e 
need l e - l i ke c r y s t a l s of h i s t i d i n e a r e 110 l o n g e r v i s ib le , s ince t h e y a re r e a r r a n g e d 
i n t o a n e w c o m p l e x . T h e r e is n o n o t i c e a b l e c h a n g e in t h e a n i s o t r o p y of t h e 
A T P - M g - H i s c h e l a t e c o m p l e x (e.,), so t h e f o r m e r ATP—His i n t e r a c t i o n c o m p l e x 
is c h a r a c t e r i s e d b y m o r p h o l o g i c a l u n i f o r m i t y , as are t h e ATP—Mg c r y s t a l c o m -
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Fig. 1. Anisotropic crystals of ATP (a): microcrystal form (6,) and later aggregated form 
(fc2) of MgCl2; needle-like crystals of free histidine (e): crystals of ATP-His chelate (d); crystals 
of ATP-Mg-His triple chelate in native shots (<?,) and with a polarisation device (e2). Arrows 
point to the same crystal 
p l e x e s (d), b u t t h e o v e r l a p p i n g of t h e c r y s t a l s a n d v a r i o u s e x t e r n a l c h a r a c t e r i s -
t i c s c a n also he s e e n i n t h e n a t i v e p h o t o g r a p h s ( e ^ -
T h e a n i s o t r o p i c c r y s t a l s of 1 - M e - H i s , t h e s t r u c t u r e of w h i c h s h o w s t h a t 
t h e y a r e c o m p o s e d o f 4 s u b - u n i t s , c a n b e seen in F i g . 2 a . I t s eems t h a t t h e Mg-
1 - M e - H i s che l a t e s d i s p e r s e to m o n o m e r f o r m s in t h e p r e s e n c e of MgCl.„ s ince 
t h e y a r e v e r y s i m i l a r . . t o - t h e l - M e - H i s s u b u n i t s (b). T h e s t r u c t u r e of t h e ATP— 
1 - M e - H i s i n t e r a c t i o n c o m p l e x is a l so v e r y s imi la r t o t h a t of t h e s u b u n i t s (c), 
b u t in t h e 3 - c o m p o n e n t A T P - M g - 1 - M e - H i s c h e l a t e a n i s o t r o p i c c r y s t a l s w i t h 
a c h a r a c t e r i s t i c a l l y b i r é f r i n g e n t s t r u c t u r e a re f o r m e d (d). 
F i g . 3 shows 3 - M e - H i s a n d i t s d é r i v â t e s . T h e c r y s t a l s of 3 - M e - H i s a re 
a n i s o t r o p i c a n d s e e m t o be h e t e r o g e n e o u s d u r i n g t h e i r d e v e l o p m e n t , s o m e of 
t h e c r y s t a l s a p p e a r i n g t o h a v e a h e x a g o n a l s u r f a c e w h e n t h e y f i r s t f o r m (a) . 
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Fig. 2. Tetrameric crystals of 1-Me-His (a); microcrystals and rough crystals of 1-Me-His-Mg 
chelate (b): heterogeneous interaction complex of ATP-l-Me-His (c); developing dichroism 
in ATP-Mg-1-Me-His chelate crystals (d) 
T h e y are r e a r r a n g e d b y Mg2 + i o n s i n t o c l o s e - p a c k e d , b u t s o m e w h a t i r r e g u l a r l y 
a n i s o t r o p i c c h e l a t e c r y s t a l s (6), a n d b y A T P i n t o i n t e r a c t i o n c r y s t a l s r emin i s -
c e n t o f a s t r o n g l y o r i e n t a t e d M a l t e s e c ross , e x h i b i t i n g v e r y p r o n o u n c e d d i -
c h r o i s m (c). T h e l a t t e r ha s a c h a r a c t e r i s t i c c r y s t a l f o r m w i t h M g 2 + ions in t h e 
t r i p l e A T P - M g - 3 - M e - H i s c h e l a t e c r y s t a l s (d). O n t h e a d d i t i o n of h i s t i d i n e t h e 
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Fig. 3. Irregular, anisotropic crystals of 3-Me-His (a); compact anisotropic structure of 3-Me-
His-Mg chelate (b); regular Maltese cross dichroism of ATP 3-Me-His interaction crystals (c); 
regular quadruple segments of Maltese cross of ATP-Mg-3-Me-His chelate (<f); compact, 
irregular, anisotropic chelate complexes of ATP-Mg-3-Me-His-His (e) 
M a l t e s e c ros s s t r u c t u r e b e c o m e s d i s a r r a n g e d a n d t h e a n i s o t r o p i c p r i s m s of t h e 
c o m p a c t , q u a d r u p l e A T P - M g - 3 - M e - H i s - H i s c h e l a t e c r y s t a l s d e v e l o p (e). 
H i s , 1 -Me-His a n d 3 - M e - H i s h a v e d i f f e r e n t f l u o r e s c e n c e s p e c t r a a n d c rys -
ta l s t r u c t u r e s . On c o m p a r i n g F igs 1, 2 a n d 3 it m a y b e o b s e r v e d t h a t t h e h i s t i -
d ine s a n d M e - h i s t i d i n e s a lso v a r y i n t h e i r a b i l i t y t o f o r m i n t e r a c t i o n a n d che-
la te c o m p l e x e s . T h e s e c h a r a c t e r i s t i c s r e a c h e x p r e s s i o n m o s t e f f i c i e n t l y in 3-Me-
His , w h i c h is p r e s e n t i n t h e h e a d p a r t of m y o s i n . 
L y s i n e a n d i t s d e r i v a t e s are s h o w n in F ig . 4 . T h e l y s i n e c r y s t a l s a r e a r r a n g -
ed in a l e a f - l i ke s t r u c t u r e (a) . L y s e x h i b i t s v e r y w e a k f l u o r e s c e n c e e m i s s i o n , 
w h i c h w a s f o u n d t o i n c r e a s e as t h e c o n c e n t r a t i o n of L y s ro se . I n o u r p r e v i o u s 
p a p e r (FAZEKAS et al. 1 9 7 6 ) we s u g g e s t e d t h a t t h e s l i g h t i n c r e a s e in f l u o r e s c e n c e 
m i g h t b e t h e r e su l t of i n t e r a c t i o n b e t w e e n t h e l y s i n e t w i n - i o n s . T h e A T P - L y s 
i n t e r a c t i o n m i x t u r e p r o d u c e s t w o k i n d s of c r y s t a l s , o n e h e x a g o n a l w i t h w e a k 
d i c h r o i s m ( 6 J , the- o t h e r of i r r e g u l a r s t r u c t u r e w i t h s t r o n g d i c h r o i s m (62) , 
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Fig. 4. Leaf-like structure of lysine hydrochloride (a); regular hexagonal crystals with weak 
anisotropy (b,) and irregular crystals with strong anisotropy (b,) of ATP-Lys interaction 
complexes; leaf-like, anisotropic structure (c,) of Lys-Mg chelate, and the same developing 
into star-like crystals (c2); bizarre rosette structure and dichroism of ATP-Mg-Lys chelate (d); 
irregular compact prisms of ATP-Mg-Lys-His chelate (e); irregular compact structure (without 
ATP) of the two amino acid Lys-Mg-His chelate ( / ) 
w h i l e t h e M g - L y s c h e l a t e c r y s t a l s a re s t r o n g l y a n i s o t r o p i c a n d h a v e h i z a r r e , 
l ea f - l i ke s h a p e s (c t) , w h i c h t a k e u p a s t a r - l i k e a r r a n g e m e n t as t h e y d e v e l o p 
(c 2) . U n d e r " the i n f l u e n c e of A T P t h e y a re r e a r r a n g e d i n t o e v e n m o r e h i z a r r e , 
r o s c t t e - l i k e , a n i s o t r o p i c A T P - M g - L y s c h e l a t e s (d) , h u t h i s t i d i n e d e s t r o y s t h e 
r o s e t t e s t r u c t u r e a n d c a u s e s t h e c o m p a c t , s t r o n g l y a n i s o t r o p i c p r i s m s of t h e 
A T P - M g - L y s - H i s c h e l a t e t o d e v e l o p (e). W i t h o u t A T P t h e a n i s o t r o p i c H i s -
M g - L y s c h e l a t e h a s a s m a l l e r s t r u c t u r e c o m p o s e d of s u b units- ( f ) . 
T M L h a s n o c r y s t a l s t r u c t u r e ; o n l y i t s h y d r o c h l o r i d e s a n d s a l t s f o r m e d 
w i t h o t h e r o r g a n i c ac id s ( s u c h as ma le i c a n d c i t r i c a c i d s , e t c . ) h a v e v a r i o u s 
c h a r a c t e r i s t i c c r y s t a l s t r u c t u r e s . W e w e r e u n a b l e t o o b t a i n a c r y s t a l s t r u c t u r e 
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Fig. 5. Heterogeneity of TML—Mg-His crystals (a); dispersed and loose subunit interaction 
crystals of TML-ATP-His (6): irregular gigantic crystals of ATP-Mg-TML chelate (c); bizarre, 
irregular, anisotropic, quadrilateral sheet fragments of ATP—Mg—TML-His (d) 
e v e n in a f r e e T M L - a c e t o n e m i x t u r e , n o r c o u l d m i c r o c r y s t a l s b e o b s e r v e d u n d e r 
t h e m i c r o s c o p e a t s t a n d a r d m a g n i f i c a t i o n . I t w a s also n o t e w o r t h y t h a t n e i t h e r 
M g 2 + i o n , H i s , n o r a c o m b i n a t i o n of M g - H i s p r o d u c e d a n y c h a n g e in t h e T M L 
f l u o r e s c e n c e s p e c t r u m . T h u s i t s eems t h a t T M L does n o t f o r m genu ine i n t e r a c -
t i o n s t r u c t u r e s w i t h Mg2 + , H i s or M g - H i s . I n F ig . 5 t h e T M L - M g - H i s c h e l a t e 
a p p e a r s t o h a v e a c r y s t a l s t r u c t u r e (a) , b u t if we e x a m i n e t h e c r y s t a l s i n d i -
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Fig. 6. Needle-like and variable crystal forms of cysteine hydrochloride (a): anisotropic micro, 
crystals of Cys-Mg chelate (b); variable forms of the rosette-like Cys-His interaction crystals (c) 
lacy-edged and segmented crystals of the Cys-ATP-His interaction complex (d): prism-like 
crystals of ATP-Mg-Cys chelate (e); thread-like, anisotropic chelate complexes of ATP-Mg-
Cys-His ( / ) 
v i d u a l l y t h e i r h e t e r o g e n e i t y b e c o m e s o b v i o u s , t h u s c o n f i r m i n g t h e w e a k n e s s 
o f t h e a f f i n i t y b e t w e e n t h e t w o a m i n o ac ids a n d t h e M g 2 + i o n . T M L i n t e r a c t s 
v e r y s t r o n g l y w i t h A T P , f o r m i n g a n i s o t r o p i c t e t r a m e r i c c r y s t a l s , w h i c h a r e 
v e r y s imi lar t o t h e T M L - A T P — H i s i n t e r a c t i o n c r y s t a l s , s i n c e t h e y too a r e d i s -
p e r s e d i n to m o n o m e r s (b) a n d a r e m o n o c r y s t a l l i n e . T h i s c o m p o s i t i o n s h o w s 
t h e mos t i m p r e s s i v e f l u o r e s c e n c e q u e n c h i n g of A T P . T h e p r e s e n c e of M g 
c a u s e s t h e f o r m a t i o n of h u g e , c o m p o u n d g r a n u l a r T M L — M g - A T P c h e l a t e 
s t r u c t u r e s (c). O n t h e a d d i t i o n of h i s t i d i n e c o m p a c t , a n i s o t r o p i c , i r r e g u l a r 
q u a d r i l a t e r a l s h e e t f r a g m e n t s a r e seen t o d e v e l o p in t h e T M L - M g - A T P - H i s 
c h e l a t e (d). 
Cys te ine a n d i t s d e r i v a t e s m a y he s e e n in F ig . 6. C y s t e i n e h y d r o c h l o r i d e 
f o r m s n e e d l e - l i k e a n i s o t r o p i c m i c r o c r y s t a l s ( a ) , wh ich a r e f u r t h e r a r r a n g e d t o 
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give v a r i o u s s h a p e s . W i t h M g 2 + ion Cys deve lops m i c r o c r y s t a l s of C y s - M g 
che la te (b). Th i s s t r u c t u r e u n d e r g o e s no f u r t h e r c h a n g e , whi le the s t r u c t u r e 
of t h e Cys -Hi s i n t e r a c t i o n c o m p l e x is e x t r e m e l y v a r i a b l e (c). I t is f o r m e d of 
f ine need le s , f r o m w h i c h a s e c o n d a r y r o s e t t e - l i k e c r y s t a l s t r u c t u r e d e v e l o p s , 
as m a y be seen a t t h e edge of t h e f i g u r e . T h e c rys t a l s o f t h e Cys -ATP—His 
i n t e r a c t i o n c o m p l e x e x h i b i t s t r o n g d i c h r o i s m (d); if t h e c r y s t a l s are e x a m i n e d 
s e p a r a t e l y t h e y a re seen t o h a v e lacy e d g e s a n d to b e m a d e up of s e v e r a l 
s e g m e n t s . T h e C y s - M g - A T P c h e l a t e is a r r a n g e d in p r i s m - l i k e a n i s o t r o p i c 
c rys ta l s (e). W h e n H i s is b u i l t i n t o th i s s t r u c t u r e t h e p r i s m s unde rgo a c o n -
s iderab le c h a n g e , s ince t h e f o u r c o m p o n e n t s of t h e Cys-Mg—ATP-His c o m p l e x 
a re a r r a n g e d as a v e r y long , t h r e a d - l i k e , a n i s o t r o p i c c h e l a t e complex ( / ) . B y 
ca re fu l ly fo l lowing t h e t h r e a d s i t m a y be seen t h a t t h e y a r e composed of e v e n 
f ine r f i l a m e n t s . 
Discuss ion 
A c c o r d i n g t o t h e c l a s s i f i c a t i o n o f S I D G W I C H ( 1 9 4 1 ) a n d B U R G E R ( 1 9 7 3 ) 
t h e M g 2 + ion be longs t o G r o u p 3, which f o r m s s tab le c o m p l e x e s wi th l i g a n d s 
c o n t a i n i n g n o t on ly o x y g e n d o n o r a t o m s , b u t also n i t r o g e n donor a t o m s . 
BAGSHAW TRENTHAM (1974) c a m e to t h e conc lus ion t h a t t h e Mg 2 + ion is 
a s soc ia ted wi th t h e n u c l e o t i d e in each s t e p of myos in e n z y m a t i c a c t i v i t y , 
f o r m i n g a M g - A T P c h e l a t e . W e t h e r e f o r e g a v e p r i o r i t y t o t h e s t u d y of t h e Mg 2 + 
ion in t h e che l a t e f o r m a t i o n of A T P and t h e c o n t a c t a m i n o acids of m y o s i n . 
WALAAS (1958) s t u d i e d t h e s t a b i l i t y c o n s t a n t (log K s ) of Mg and A T P 
c o m p l e x f o r m a t i o n . I n t h e p r e s e n c e of Na ion it was f o u n d t o h a v e a v a l u e of 
4.04 for M g - A T P , 3 .15 f o r M g - A D P and n e a r l y 4 for h i s t i d i n e . 
T h e log K s d e p e n d s on t h e n u m b e r of l i gands a n d is c h a r a c t e r i s t i c of 
complexes f o r m e d f r o m o n e , t w o , t h r e e or f o u r l igand m o l e c u l e s . The d e g r e e 
of c o m p l e x f o r m a t i o n is g r e a t e s t w h e n t h e m e t a l ion t o l i g a n d ra t io in t h e 
m i x t u r e is 1 : 1, so b o t h t h e M g 2 + ion and all t h e o t h e r c h e m i c a l s were used in 
s t o i c h i o m e t r i c r a t i o . 
On t h e o t h e r h a n d we a re a w a r e t h a t a m i n o acids c a n f o r m var ious c h e -
l a t e s t r u c t u r e s . F o r e x a m p l e , c y s t e i n e : 
/ A
 + / ° A M + / S - C , H 2 
Mg CH Mg Mg^ 
4 S - C H 2 \ H 3 V N H 2 4 C H 2 - S H "NH 2 -CH 
COO' ' 
If t h e Cys is in a p e p t i d e c h a i n on ly t h e t h i r d of t hese f o r m s c a n t a k e p a r t in 
c h e l a t e f o r m a t i o n , s ince t h e N H 2 d o n o r g r o u p m a y also b e l o n g t o o ther a m i n o 
Acta Agronomica Academiae Scientiarum Hungaricae 2ft, 1977 
3 2 I. Ó V Á R Y et al. 
a c i d s . As w a s m e n t i o n e d a b o v e , m y o s i n c o n t a i n s t w o S H g r o u p s w i t h c o m p l e t e -
l y d i f f e r e n t a f f i n i t i e s and f u n c t i o n s in e n z y m a t i c a c t i v i t y as f a r as t h e M g -







с н 2  
I 
- N H - C H - C C 
C o n s e q u e n t l y , all t h e s e r i e s of c r y s t a l s w h o s e c o m p o n e n t s m i g h t p o s s i b l y 
t a k e p a r t in t h e d e v e l o p m e n t o f e n z y m a t i c a c t i v i t y were e x a m i n e d one a f t e r t h e 
o t h e r , in o r d e r t o gain i n f o r m a t i o n on t h e f o r m a t i o n of i n t e r a c t i o n s a n d che -
l a t e s in t h e p h o s p h o r y l a t i o n o f m y o s i n a n d i n A T P h y d r o l y s i s . A c o m p a r i s o n 
o f the f l u o r e s c e n c e q u e n c h i n g resu l t s o b t a i n e d for i n t e r a c t i o n a n d c h e l a t e 
c o m p l e x e s s h o w s a c o i n c i d e n t c o r r e l a t i o n b e t w e e n t h e i n c r e a s e in f l u o r e s c e n c e 
q u e n c h i n g a n d t h e t e n d e n c y f o r t h e c h e l a t e f o r m i n g a b i l i t y t o i n c r e a s e , e v e n 
d u r i n g i n t e r a c t i o n d e v e l o p m e n t . 
1 - M e - H i s a n d 3 - M e - H i s e x h i b i t d i f f e r i n g c r y s t a l l o g r a p h i c b e h a v i o u r , 
wh i l e c o m p a r e d t o h i s t i d i n e t h e e l e c t r o n - r e p u l s i n g e f f ec t o f t h e m e t h y l g r o u p 
r e s u l t s in t h e d e v e l o p m e n t of a n e l e c t r o n - d e n s e N in t h e i m i d a z o l r i n g . T h e 
N'"1 e l e c t r o n - d e n s e l o c a l i s a t i o n in 3 - M e - H i s is m u c h s t r o n g e r t h a n t h a t o n t h e 
]NT a t o m of t h e 1 -Me-His i m i d a z o l r i n g . T h i s w a s s h o w n b y t h e f l u o r e s c e n c e 
q u e n c h i n g m e t h o d and is n o w c o n f i r m e d b v c r y s t a l l o g r a p h i c m o r p h o l o g i c a l 
ana ly se s , s i n c e i t is o b v i o u s t h a t t h e s t r o n g l v d ichro ic M a l t e s e cross s t r u c t u r e 
a p p e a r s d u r i n g t h e d e v e l o p m e n t of 3 - M e - H i s i n t e r a c t i o n c r v s t a l s , b u t n o t in 
a 1 - M e - H i s — A T P m i x t u r e . I n t h e p r e s e n c e of M g 2 + p a t c h y d i c h r o i s m is v i s i b l e 
in t h e A T P — M g - l - M e - H i s c h e l a t e , w h e r e a s t h e d i c h r o i s m c o n t i n u e s t o i n c r e a s e 
in A T P - M g - 3 - M e - H i s . T h i s o b s e r v a t i o n c o n f i r m s t h a t 3 - M e - H i s h a s c o n s i d e r a -
b l y m o r e b io log i ca l p o t e n t i a l , g iv ing it t h e a d v a n t a g e o v e r 1 - M e - H i s , a n d ex-
p la ins w h y t h e 3-Me f o r m a p p e a r s in m y o s i n . F l u o r e s c e n c e a n a l y s e s s h o w con-
s ide rab l e d i f f e r e n c e s b e t w e e n T M L - M g - H i s a n d t h e c h e l a t e s of T M L a n d M g -
A T P , w h i l e t h e mos t o r i e n t a t e d s t r u c t u r e d e v e l o p s in t h e 4 - c o m p o n e n t T M L -
M g - A T P — H i s m i x t u r e , w h e r e a h e r r i n g - b o n e - l i k e s t r u c t u r e s o m e t i m e s d e v e l -
ops f r o m t h e q u a d r i l a t e r a l f r a g m e n t s . 
All t h e c r y s t a l s s e e m t o b e d i f f e r e n t , so t h e y m a y a l s o b e e x p e c t e d t o h a v e 
d i f f e r e n t b i o l o g i c a l f u n c t i o n s . 
W h i l e EDSALL ( 1965 ) r e p o r t e d t h a t cy s t e ine w a s n o t k n o w n t o p r o d u c e 
H - b o n d s , CSEKE (1974) h a s r e c e n t l y f o u n d N -S b o n d s a m o n g t h e Cys-
149 a n d H i s - 1 7 6 r e s i d u e s i n D - g l y c e r i n e a l d e h y d e d e h y d r o g e n a s e . SOLAS 
SUN ( 1975 ) r e p o r t t h a t i n t e r a c t i o n t a k e s p l a c e b e t w e e n t h e n e i g h b o u r i n g His -
Cys in t h e a c t i v e cen t r e o f t r a n s a l d o l a s e , a n d ADMAN et al. (1975) a lso o b s e r v e d 
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a n u m b e r of N H . . . S b o n d s in f e r r e d o x i n . O u r e x a m i n a t i o n s c o n f i r m e d t h e 
e x i s t e n c e of C y s i n t e r a c t i o n a n d c h e l a t e c o m p l e x e s , d e m o n s t r a t i n g t h a t t h e y 
h a v e d i f f e r e n t f l u o r e s c e n c e i n t e n s i t i e s , w h i l e t h e i r c r y s t a l s h a v e d i f f e r e n t 
a n i s o t r o p y a n d s t r u c t u r e . I t c o u l d b e t h a t f o r t h e S H t g r o u p i n t h e p e p t i d e 
c h a i n L y s is t h e e l ec t ron d o n o r f o r Cys , s i n c e t h e S H j g r o u p r e q u i r e s Mg i o n s 
in o r d e r t o f o r m b o n d s w i t h A T P a n d A D P , b u t i t is also p o s s i b l e t h a t H i s is 
t h e e l e c t r o n d o n o r in b o t h Cys p e p t i d e c h a i n s . F u r t h e r m o r e , t h e f u n c t i o n of 
t h e a c t i v e s i t e o n t h e b u r i e d SH. , w i t h or w i t h o u t m e t a l ion m a y d e p e n d on t h e 
p h o s p h o r y l a t i n g or h y d r o l y s i n g f u n c t i o n of m y o s i n . O u r o b s e r v a t i o n s l e ad u s 
t o ag ree w i t h BURKE et al. (1973) t h a t t h e c o n c e n t r a t i o n ( p r e s e n c e or a b s e n c e ) 
of Mg r e g u l a t e s t h e e n z y m a t i c a c t i v i t y of m y o s i n on b o t h t h e a n d t h e S., 
s i t e s . 
T h e a b o v e r e s u l t s i n d i c a t e t h a t c h e l a t e s a n d i n t e r a c t i o n c o m p l e x e s o f 
C y s p a r t i c i p a t e i n t h e d e v e l o p m e n t of e n z y m a t i c a c t i v i t y in m y o s i n . F u r -
t h e r m o r e , b o t h m e t h o d s s e e m t o b e s u i t a b l e f o r p r o v i n g t h e e x i s t e n c e of i n t e r -
a c t i o n a n d c h e l a t e c o m p l e x e s a n d a r e m u t u a l l y c o m p l e m e n t a r y . 
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PERFORMANCE OF SOME GENOTYPES OF LUCERNE 
UNDER WIDE AND NARROW SPACED-PLANTING 
II. SELECTION FOR P A R E N T CLONES 
UNDER SPACE-PLANTED CONDITIONS 
By 
A . M . HAMMAH , Z . BŐJTÖS 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E , K O M P O L T 
Stem-cuttings of half-sib plants were selected under wide, medium, and narrow 
spaeings from four genetically diverse types of lucerne and transplanted under two 
space-planted systems. The materials were randomized within the replications in the 
same way in the two spaced-planting systems. Genotypic and phenotypic variations 
expressed as genetic and phenotypic С. V. were greater under narrow than under wide 
spacing. The order of the genotypes investigated was clearly different under the two 
space-planted systems. Dry matter yield was the least resistant characteristic and plant 
height was the least susceptible characteristic under competition conditions. Selected 
genotypes of erect and semi-erect types from w ide spacing were best when investigated 
under wide spacing, but were the worst when examined under narrow spacing. Selec-
tions of prostrate and semi-prostrate types f rom wide spacing gave higher yielding 
ability under wide than under narrow spaced-planting. The number of stems and the 
stem thickness were the most important factors affecting the performance of selected 
genotypes in the space-planted nursery when they are changed to drill conditions in 
commercial production. 
Introduct ion 
I n a n y p l a n t b r e e d i n g p r o g r a m t h e e v a l u a t i o n of i n d i v i d u a l p l a n t s is of 
m a j o r i m p o r t a n c e . I n p e r e n n i a l l e g u m i n o u s f o r a g e p l a n t s t h i s p r o b l e m is p a r -
t i c u l a r l y d i f f i c u l t s ince t h e c o n d i t i o n s in t h e s p a c e - p l a n t e d b r e e d i n g n u r s e r y 
d i f f e r so m a r k e d l y f r o m t h o s e f o r wh ich s t r a i n s a r e b e i n g p r o d u c e d . I n d i v i d u a l 
f o r a g e p l a n t s c a n n o t be e v a l u a t e d e x a c t l y in a sol id s t a n d , a n d e v a l u a t i n g 
t h e m as s p a c e d p l a n t s is a b n o r m a l . T h e r e f o r e , v a r i e t i e s b u i l t f r o m i n f o r m a t i o n 
o b t a i n e d u n d e r c e r t a i n c o n d i t i o n s , w h i c h a r e v e r y d i f f e r e n t f r o m t h o s e in w h i c h 
t h e s e v a r i e t i e s w i l l be u s e d in a g r i c u l t u r e , wi l l e x h i b i t d i f f e r e n t k i n d s of p e r -
f o r m a n c e . 
W h e n t h e v a r i a b i l i t y of c h a r a c t e r s c o n n e c t e d w i t h y i e l d c o n d i t i o n s is 
s o u g h t , e n v i r o n m e n t a l v a r i a b i l i t y s h o u l d b e r e d u c e d as m u c h as p o s s i b l e , so 
t h a t t h e v a r i a b i l i t y of g e n e t i c d i f f e r e n c e s b e t w e e n i n d i v i d u a l s m a y b e b e t t e r 
a p p r e c i a t e d . I t m i g h t be t h o u g h t t h a t w i t h s p a c e d p l a n t s it s h o u l d b e e a s i e r 
t o d i s c o v e r t h e " g e n e t i c p o t e n t i a l " of t h e i n d i v i d u a l s . H o w e v e r , w h e n se l ec t -
ed p l a n t s a r e g r o w n u n d e r dr i l l c o n d i t i o n s , t h e c o m p e t i t i o n w i t h o t h e r p l a n t s 
m a y s u p p r e s s t h e e x p r e s s i o n of d i f f e r e n t s e l e c t e d t r a i t s . 
T h e f i r s t p a r t of th i s s t u d y (RAMMAH BŐJTÖS 1976) d i s c u s s e d t h e h e r i -
t a b i l i t y of f o r a g e y i e l d and r e l a t e d t r a i t s , a n d i n t e r r e l a t i o n s h i p b e t w e e n t r a i t s . 
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This p a r t of t h e s t u d y w a s c a r r i e d out in o r d e r t o i n v e s t i g a t e t h e p e r f o r m a n c e of 
t h e v a r i a b i l i t y of d i f f e r e n t c h a r a c t e r s f o r s o m e g e n o t y p e s , which were se lec t -
ed f rom f o u r g r o w t h h a b i t t y p e s of l u c e r n e u n d e r w ide , m e d i u m , and n a r r o w 
s p a c e d - p l a n t i n g and e x a m i n e d as p a r e n t c lones u n d e r w i d e a n d n a r r o w s p a c e d -
p l a n t i n g s y s t e m s . 
A b e t t e r u n d e r s t a n d i n g of c o m p e t i t i o n a m o n g p l a n t s requ i res a g r e a t e r 
knowledge of t h e r e s p o n s e of an i n d i v i d u a l p l a n t t o i ts e n v i r o n m e n t , e s p e c i a l l y 
i ts r e sponse t o the e n v i r o n m e n t a l s t r ess c a u s e d b y i t s n e i g h b o u r s . 
C o m p e t i t i v e a b i l i t y h a s a l r e ady b e e n s t u d i e d as a genet ic c h a r a c t e r 
(SAKAI 1 9 5 5 , D O N A L D 1 9 6 3 , S A Y K U D O Y A S U M U R O 1 9 6 8 ) . A c o n t r a d i c t o r y 
h y p o t h e s i s w a s s u g g e s t e d b y ROTILI ZANNONE (1970). "Bio log ica l d e n s i t y " 
was r e f e r r e d t o as a f a c t o r which i n f l u e n c e s t h e b e h a v i o u r ol t h e g e n o t y p e s 
in a m i x t u r e . 
SAKAI (1955) s t u d i e d t h e c o m p e t i t i o n e f fec t on p o p u l a t i o n s of b a r l e y a n d 
rice, and LICHTER (1972) s t u d i e d it in s u g a r b e e t . T h e y p o i n t e d out t h a t t h e 
v a r i a t i o n of p l a n t c h a r a c t e r s due to c o m p e t i t i o n m u s t he t a k e n in to a c c o u n t , 
when t h e s e a re a f f e c t e d b y i n t e r g e n o t y p i c c o m p e t i t i o n . T h e c o m p e t i t i v e 
abi l i ty m a y show a h i g h e r h e r i t a b i l i t y v a l u e w h e r e t h e c o m p e t i t i v e a d v a n t a g e 
depends o n a single m o r p h o l o g i c a l f e a t u r e , e.g. p l a n t h e i g h t (DONALD 1963), 
while it h a s shown a v e r y low h e r i t a b i l i t y (OKA 1960) w h e n m e a s u r e d b y 
panicle n u m b e r a n d p l a n t he ight in a s e g r e g a t i n g r ice p o p u l a t i o n . 
D e n s i t y - g e n o t y p e i n t e r a c t i o n w a s o b s e r v e d in l a d i n o clover (SYAKUDO 
YASUMURO 1968), in s u b t e r r a n e a n c lover (STERN 1965), in red clover (BAEUMER 
1 9 6 4 ) , a n d i n l u c e r n e ( C H A L B I 1 9 6 7 , R O T I L I Z A N N O N E 1 9 7 1 , R O T I L I et al. 
1973). SYAKUDO YASUMURO (1968) c o n c l u d e d t h a t t h e d e n s i t y - g e n o t y p e 
i n t e r a c t i o n in lad ino c l o v e r could he o b s e r v e d in s t o l o n n u m b e r , i n t e r n o d e 
length a n d f l o w e r - h e a d n u m b e r , and t h a t i t was d u e t o a change in t h e g e n e t i c 
va r i ance . I n t e r m s of t h e r a n g e and v a r i a b i l i t y of p l a n t we igh t in s u b t e r r a n e a n 
clover, STERN (1965) f o u n d t h a t t h e С. V . was n e a r l y t h e s a m e a t all d e n s i t i e s 
un t i l t h e 9 0 t h d a y , a f t e r w h i c h it i n c r e a s e d s h a r p l y fo r h ighe r dens i t i e s . I n red 
clover s o w n a t va r i ous p l a n t dens i t ies a n d spac ings , BAEUMER (1964) s t a t e d 
t h a t t h e i n d i v i d u a l p l a n t showed a v e r y p las t i c r e s p o n s e to spac ing . S i m i l a r 
resul ts w e r e f o u n d in l u c e r n e (CHALBI 1967) for q u a n t i t a t i v e c h a r a c t e r s such 
as t h e n u m b e r of l eaves in ea r lv s t a g e s , h e i g h t , t o t a l n u m b e r of s t e m s , a n d t h e 
weight of d r y m a t t e r y i e l d , which s h o w e d i m p o r t a n t p l a s t i c m o d i f i c a t i o n s due 
to c o m p e t i t i o n . 
M a n y s tud ies h a v e b e e n car r ied o u t t o see h o w f a r t h e g r o w t h of s w a r d 
p l an t s c a n be r e l a t e d t o t h e g rowth of t h e p l a n t w h e n wide ly s p a c e d , a n d t h e 
resul ts h a v e been v e r y v a r i a b l e . DOWNEY (1962) r e p o r t e d t h a t A c o m p a r i s o n 
for f o r a g e a n d seed y i e ld of lucerne in dril l a n d s p a c e - p l a n t e d p l o t s d e m o n -
s t r a t ed t h a t fo rage y i e l d , b u t no t seed y i e l d , could be a c c u r a t e l y e v a l u a t e d us ing 
spaced p l a n t i n g . DAVIS et al. (1964) r e p o r t e d t h a t t e s t i n g lucerne as s p a c e d -
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p l a n t s c a n g i v e a m i s l e a d i n g i m p r e s s i o n of t h e s a m e v a r i e t i e s in d r i l l s a n d 
b r o a d c a s t p l o t s as t o t h e i r y i e l d a n d t o l e r a n c e to d r o u g h t . 
V a r i o u s a u t h o r s (ATWOOD GARBEK 1942, AHLGREN et al. 1945 , a n d 
o t h e r s ) f o u n d t h a t t h e e s t i m a t e d y ie lds of s i n g l e - p l a n t s e l e c t i o n s b o r e n o re -
l a t i o n s h i p t o t h e i r r e l a t i v e y i e l d in b r o a d c a s t s t a n d s . AHLGREN et al. ( 1945 ) 
f o u n d t h a t i n K e n t u c k y b l u e g r a s s e l e v e n se l ec t ions w e r e s i g n i f i c a n t l y m o r e 
p r o d u c t i v e t h a n t h e s t a n d a r d v a r i e t y w h e n g r o w n in m a s s seed ing b u t t h a t 
o n l y t w o of t h e s e were c l a s s i f i e d as s u p e r i o r in t h e s p a c e - p l a n t e d n u r s e r y . 
COWETT—SPRAGUE ( 1 9 6 3 ) f o u n d t h a t t h e p h o t o p c r i o d a f f e c t e d t h e 
n u m b e r of t i l l e r s , c r o w n b u d s , a n d d r y w e i g h t of a l f a l f a : a s t h e s t a n d d e n s i t y 
i n c r e a s e d f r o m 1 to 8 p l a n t s p e r s q u a r e f o o t , t h e n u m b e r of s t e m s a n d d r y 
w e i g h t p e r p l a n t d e c r e a s e d . H o w e v e r , t h e y i e l d per a c r e i n c r e a s e d w i t h in-
c r e a s i n g d e n s i t y . 
RAMMAH BŐJTÖS ( 1 9 7 6 ) s u g g e s t e d t h a t i t w o u l d b e b e t t e r t o e v a l u a t e 
t h e b r e e d i n g m a t e r i a l of l u c e r n e u n d e r c o n d i t i o n s r e l a t i v e l y s imi la r t o t h o s e 
u s e d in c o m m e r c i a l p r o d u c t i o n , in o r d e r t o o b t a i n m e a n i n g f u l e s t i m a t e s of 
g e n e t i c v a r i a n c e c o m p o n e n t s f o r t h e m a t e r i a l e x a m i n e d , 
• f e i , 
M a t e r i a l s a n d M e t h o d s 
хл 
This study has been carried out in the breeding nursery of the Agricultural Research 
Institute at Koinpolt. The materials used were stem-cutting of half-sib plants of four growth 
habit types of lucerne: erect habi t (C — 37), semi-erect (C—244), semi-prostrate (C- 636) and 
prostrate habit (С.—1474). On the basis of the total dry matter yield obtained from 3 cuttings, 
12 half-sib plants from each type under study were selected as the best 10% from a segregating 
population space-planted in three different ways. Four of the 12 selections were selected from 
the wide space-planted system (30 cm between and within rows), 4 plants from the medium 
space-planted system (20 cm between and within rows), and the other 4 plants from the narrow 
space-planted system (10 cm between and within rows). 
A hundred stem-cuttings were taken from each selected plant and mother clone, too. 
Thirty cuttings uniform in their root vigour were transplanted to the experimental field in 
May 1973. A total of 8 randomized block experiments with three replications were established; 
each replication consisted of a 5-plant row of the mother clone and 11 or 12 selections. This 
gave a total of 13 experimental rows within the replication for the semi-erect and semi-prostrate 
types, and 12 experimental rows for the erect and prostrate types, as one selection had died. 
Selections from each type were compared in the wide space-planted system (30 cm between 
and within rows) and the narrow space-planted system (10 cm between and within rows). 
Randomization of the materials within the replications was the same for each of the space-
planted systems, with a guard row on each side of the experiment. 
The plants were cut ihree t imes up to September 1973. The unit of observation was the 
5-plant row; stand counts per row were made after each cutting and the yield was expressed 
as grams of green yield, dry matter yield, dry stem weight, and dry leaf weight. Samples of 
100 grams or less were used for leaf/stem separation and for dry weight calculations. The 
leaf/stem separation was made by separating the leaflets and leaf-stems were included with 
the main stem as part of the stem weight. The stems and leaves were dried until the stable 
weight and the total weight of the two components gave the weight of dry matter yield 
Other characteristics measured were plant height and the number of stems. The plant 
height, in centimetres, was obtained by measuring the longest stem from the soil surface to 
the highest tip for single plants within the row, but an average of the height of 5 plants was 
used in computing. The number of stems arising f rom the basal nodes was calculated after 
cutt ing and was expressed as the number of steins per plant. 
Data from the two space-planted experiments were subjected to analysis of variance. 
The means of half-sib clones from the two space-planted systems were ranked, and the L.S.D. 
between the means was calculated. 
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The extent of intraprogeny variability for the various characters studied was compared 
within the half-sib clones of the different types of lucerne under investigation using the pheno-
typic coefficients of variation. The genetic coefficients of variation, the genetic C.V. and the 
square root of the genetic variance ((TG), expressed as a percentage of the mean (BURTON- DE 
VANE 1953), were calculated and used as an index of relative genetic variability for various 
traits. 
In order to test the half-sib groups of the four growth habit types of lucerne included 
in this study with respect to their relative variability for the sum totality of characters investi-
gated, a system was used based 011 the transformation of ranked data to scores given in tables 
by FISHER YATES (1953). This system consists of arranging the coefficients of variation of 
the four types for each character in an ascending order. Scores from the tables are then assigned 
to the numerical rank of the types for each character, thereby giving all characters equal weight. 
These scores can be subjected to regular analysis variance to detect differences among the four 
types in total variability. 
To evaluate competition between neighbouring genotypes (rows) under the two space-
planted systems, the correlations between neighbouring rows were calculated for different 
characters (LICHTER 1972). The average of three replications for the selections, in three selected 
groups each representing selections under different space-planted conditions, were calculated 
and compared with the general mean of the selected population in order to evaluate the per-
formance of selections from a certain space-area under two levels of competitive conditions 
in the space-planted nursery. 
Results 
1. Intraprogeny variability (variability within half-sib clones) .The i n t r a -
p r o g e n y v a r i a b i l i t y of t h e f o u r t y p e s of l u c e r n e was s t u d i e d b y r e f e r e n c e t o 
t h e c o e f f i c i e n t s of v a r i a t i o n . 
a) Degree of character variability. A n a r i t h m e t i c m e a n p h e n o t y p i c c o e f f i -
c i e n t of v a r i a t i o n was o b t a i n e d for e a c h c h a r a c t e r o v e r al l t h e p r o g e n y ; t h e s e 
m e a n v a l u e s a r e l is ted in t l i e l a s t c o l u m n of T a b l e 1. A c o m p a r i s o n of t h e m e a n 
Table 1 
Phenotypic coefficient of variation (°/0) for various characters of the total of three 
cuts of selected parental clones from four growth types of lucerne, tested under two 
space-planted conditions 
Phenotyp i C.V., % 
C h a r a c t e r S p a c i n g 
Erect Semi -erec t 
Semi-
pro s i trate Prostrate 
General average 
Plant height w N 
1 0 . 3 
1 1 . 0 
5 . 7 
6 . 2 
5 . 4 
9 . 7 
6 . 9 
1 0 . 1 
7 . 1 
9 . 2 
Green yield W N 
1 3 . 3 
2 9 . 2 
2 3 . 2 
2 9 . 1 
2 3 . 1 
3 6 . 2 
1 6 . 6 
3 0 . 6 
1 9 . 0 
3 1 . 3 
Number of stems W N 
3 6 . 6 
1 8 . 9 
2 1 . 1 
1 3 . 0 
1 6 . 3 
2 2 . 1 
1 7 . 6 
2 2 . 5 
2 2 . 9 
1 9 . 1 
Dry matter yield W N 
2 9 . 4 
2 9 . 2 
2 4 . 4 
2 9 . 8 
2 3 . 7 
3 5 . 6 
1 7 . 8 
3 0 . 5 
2 3 . 8 
3 1 . 3 
Dry stem weight W N 
3 1 . 8 
3 0 . 8 
2 6 . 5 
3 2 . 9 
2 6 . 0 
3 5 . 2 
1 9 . 3 
3 4 . 7 
2 5 . 9 
3 3 . 4 
Dry leaf weight W N 
2 8 . 1 
2 8 . 3 
2 3 . 1 
2 7 . 6 
2 1 . 5 
3 7 . 0 
1 7 . 2 
2 6 . 1 
2 2 . 5 
2 9 . 8 
W N Wide spacing; N = Narrow spacing 
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p h e n o t y p i c c o e f f i c i e n t s of v a r i a t i o n r e v e a l e d t h a t t h e c h a r a c t e r s s t u d i e d d i f f e r -
ed in t h e i r degree of v a r i a b i l i t y . P l a n t h e i g h t was t h e l e a s t v a r i a b l e c h a r a c t e r 
s t u d i e d u n d e r wide (7 .1 % ) a n d n a r r o w ( 9 . 2 % ) s p a c i n g s . O t h e r c h a r a c t e r s m e a -
s u r e d s h o w e d e x t r e m e v a r i a b i l i t y , p r o g r e s s i n g t h r o u g h t o t a l g reen y i e l d ( 1 9 . 0 % ) , 
d r y l e a f w e i g h t ( 2 2 . 5 % ) , n u m b e r of s t e m s ( 2 2 . 9 % ) , d r y m a t t e r y i e l d ( 2 3 . 8 % ) 
and d r y s t e m w e i g h t ( 2 5 . 9 % ) fo r p h e n o t y p i c C.V. u n d e r w ide s p a c i n g . T h e 
s a m e c h a r a c t e r s m e a s u r e d u n d e r n a r r o w s p a c i n g s h o w e d e x t r e m e v a r i a b i l i t y 
p r o g r e s s i n g t h r o u g h p l a n t he igh t ( 9 . 2 % ) , n u m b e r of s t e m s ( 1 9 . 1 % ) , d r y leaf 
w e i g h t ( 2 9 . 8 % ) , g r e e n y i e l d ( 3 1 . 3 % ) , d r y m a t t e r y i e l d ( 3 1 . 3 % ) a n d d r y s t e m 
w e i g h t ( 3 3 . 4 % ) . 
T h e gene t i c c o e f f i c i e n t s of v a r i a t i o n , as a n i n d e x of r e l a t i v e g e n e t i c 
v a r i a b i l i t y , w e r e c o m p u t e d and a re l i s t e d in T a b l e 2 a n d t h e a r i t h m e t i c m e a n 
Table 2 
Genotvpic coefficient of variation (°n) for various characters of the total of three 
cuts of selected parental clones from growth types of lucerne, tested under two 
space-planted conditions 
Genotypic C.V.. ".. 
С haracter Spac ing 
Erect Semi-erect 
S e m i -
prostrate Prostrate 
Genera l average 











Green yield W 13.4 13.5 22.2 24.1 18.3 N 34.6 33.5 29.6 33.4 32.8 












































was o b t a i n e d for each c h a r a c t e r o v e r a l l t h e p r o g e n y a n d is l i s ted in t h e l as t 
c o l u m n o f t h i s T a b l e . T h e d a t a p r e s e n t e d in T a b l e 2 s h o w t h a t g e n e t i c va -
r i a b i l i t y is m o s t l y e x p r e s s e d u n d e r n a r r o w s p a c i n g . T h e n u m b e r o f s t e m s 
( 2 4 . 9 % ) , d r y leaf w e i g h t ( 1 9 . 2 % ) , d r y s t e m w e i g h t ( 1 8 . 6 % ) , d r y m a t t e r y i e ld 
( 1 8 . 3 % ) , g r e e n yield ( 1 8 . 3 % ) and p l a n t h e i g h t ( 1 0 . 2 % ) s h o w e d d e c r e a s i n g 
gene t i c v a r i a b i l i t y , in t h i s o rde r , u n d e r w i d e s p a c i n g . U n d e r n a r r o w s p a c i n g , 
t h e d r y s t e i n we igh t ( 3 6 . 1 % ) , d ry m a t t e r y ie ld ( 3 2 . 9 % ) , g r een y ie ld ( 3 2 . 8 % ) , 
d r y l ea f w e i g h t ( 3 0 . 6 % ) , n u m b e r of s t e m s ( 2 1 . 7 % ) a n d p l a n t h e i g h t ( 1 1 . 4 % ) 
d e c r e a s e d in t h e a b o v e o r d e r . 
b ) Relative variability. T h e r e s u l t s of t h e a n a l y s i s of v a r i a n c e f o r t h e 
f o u r t y p e s a r e p r e s e n t e d in T a b l e 3. T h e d a t a l i s ted in T a b l e 3 r e v e a l s i g n i f i -
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Table 3 
Analysis of variance for scores of clonal material from four types of lucerne tested 
under wide and narrow spaced-plantings 
Spacing Source o f variation d. f . m. s. 
types 3 11.2057* 
Wide residual 20 2.6051 
total 23 13.8108 
types 3 7.6948 
Narrow residual 20 6.1160 
total 23 13.8108 
* significant at the 5% level. 
c a n t d i f f e r e n c e s a t t h e 5 % leve l b e t w e e n t h e f o u r t y p e s i n t o t a l v a r i a b i l i t y 
o n l y u n d e r w i d e s p a c e d - p l a n t i n g . 
2. Interprogeny variability (variability between half-sib clones). T h e r e s u l t s 
of t h e a n a l y s i s of v a r i a n c e f o r d i f f e r e n c e s b e t w e e n ha l f - s ib c l o n e s w i t h i n e a c h 
t y p e of g r o w t h h a b i t u n d e r t h e t w o s p a c e - p l a n t e d c o n d i t i o n s a r e p r e s e n t e d 
i n T a b l e 4 , a n d t h e m e a n s of h a l f - s i b c l o n e s f o r t h e v a r i o u s c h a r a c t e r s w e r e 
c a l c u l a t e d a n d a r e l i s t ed in T a b l e 5. T h e r e s u l t s in T a b l e s 4 a n d 5 s h o w t h a t 
ha l f - s i b c l o n e s of t h e e r e c t t y p e d id no t d i f f e r s i g n i f i c a n t l y u n d e r w ide s p a c i n g 
Table 4 
Mean squares from analysis of variance for various characters of half-sib parental 
clones from four types of lucerne grown under two space-planted conditions 
Character Spac ing 
G e n o t y p e s , mean o f squares 
Erect Semi-erect Semi-pros trate Prostrate 
Plant height W 848.95* 725.23* 817 .39** 791.20** 
N 657.43** 961.06** 628 .07** 506.85** 
Green yield W 2142.09 1599.99 2826.49** 2720.98** 
N 332.51** 457.37** 460 .17* 440 .31** 
Number of steins W 158.37 790.46** 630 .16** 1086.91** 
\ 29.69 98.10** 81 .36* 445 .01** 
Dry matter yield w 116.23 98.82 159.16** 145.15** 
N 16.62** 25.69** 28 .77** 23 .45** 
Dry stem weight W 34.64 26.65 65 .49** 54 .60** 
N 5.84** 8.99** 10.99** 7 .45** 
Dry leaf weight W 25.87 23.64* 24.05** 27 .04** 
N 3.51** 4.30** 4 .49* 4 .84** 
* significant at the 1 and 5 per cent levels, respectively. 
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for a n y of t h e c h a r a c t e r s s t u d i e d excep t t h e p l a n t he igh t . S i g n i f i c a n t d i f f e r e n c e s 
a t t he 5 % level were o b t a i n e d b e t w e e n ha l f - s ib clones of t h e semi -e rec t t y p e 
for p l a n t h e i g h t and leaf w e i g h t , a n d a t t h e 1 % level f o r t h e n u m b e r of s t e m s . 
In n a r r o w spac ing , h igh ly s ign i f i can t d i f f e r e n c e s at t he 1 % level were c o m p u t e d 
for all t r a i t s of the e rec t a n d semi-e rec t t y p e s , except f o r t h e n u m b e r of s t e m s 
in t h e e r e c t t y p e . T h e a n a l y s i s of v a r i a n c e for half-sib c l o n e s of t he p r o s t r a t e 
and s e m i - p r o s t r a t e t y p e s showed s i g n i f i c a n t d i f ferences u n d e r wide a n d n a r -
row s p a c i n g for all t h e t r a i t s s t ud i ed . A l s o , t he m e a n v a l u e s were r a n k e d in 
order in h i s t o g r a m s (F igs 1—4) us ing s c o r e s given in T a b l e X X by FISHER 
YATES (1953) . A close e x a m i n a t i o n of t h e means in t h e f o u r f igures r e v e a l s 
t h a t t h e o r d e r of m e a n s u n d e r wide s p a c i n g was d i f f e r e n t f r o m t h a t u n d e r 
n a r r o w s p a c i n g . In m o s t cases , g e n o t y p e s w i t h low v a l u e s u n d e r wide s p a c i n g 
r e m a i n e d low under n a r r o w spac ing . O t h e r geno types s h a r p l y d i f f e red u n d e r 
the t w o s y s t e m s , while s o m e g e n o t y p e s w e r e in the s a m e o r d e r u n d e r t h e t w o 
p l a n t i n g s y s t e m s . 
3. Effect of neighbouring genotypes upon each other. C o r r e l a t i o n c o e f f i c i e n t s 
for t h e s a m e c h a r a c t e r b e t w e e n two n e i g h b o u r i n g g e n o t y p e s wi th in t h e rep l i -
ca t ions w e r e ca lcu la ted u n d e r the t w o s p a c e - p l a n t e d s y s t e m s and a r e l i s t ed 
in T a b l e 6 . More pos i t i ve co r re l a t ions w e r e ob t a ined for all t r a i t s of t h e e r ec t 
and s e m i - e r e c t t y p e s u n d e r wider s p a c i n g in the t h r e e r ep l i c a t i ons . U n d e r 
n a r r o w s p a c i n g t h e s u b s t i t u t i o n of t h e n e i g h b o u r i n g g e n o t y p e b y a n o t h e r one 
was m o r e e f f ec t i ve in c h a n g i n g t h e d i r e c t i o n of c o r r e l a t i o n b e t w e e n n e i g h b o u r -
ing g e n o t y p e s t h a n it w a s in wide s p a c i n g fo r all c h a r a c t e r s excep t t h e p l a n t 
he igh t of e rec t and s e m i - e r e c t t y p e s . F o r p r o s t r a t e a n d s e m i - p r o s t r a t e t y p e s 
n e g a t i v e co r re l a t ions w e r e o b t a i n e d u n d e r wide s p a c i n g a n d more p o s i t i v e 
va lues w e r e ca lcu la ted u n d e r n a r r o w s p a c i n g . 
4 . Evaluation of selected parent clones under three spaced-planting systems. 
A g e n e r a l m e a n for t h e se l ec t ed p o p u l a t i o n for each of t h e six c h a r a c t e r s s tu -
died w a s c o m p u t e d a n d u s e d as a m e a s u r e t o compare t h e e f f i c iency of se lec t -
ing p a r e n t clones in t h e n u r s e r y u n d e r t h r e e s p a c e - p l a n t e d areas . D e v i a t i o n 
of t h e m e a n s of selected g r o u p s f r o m t h e gene ra l m e a n a r e p r e s e n t e d in T a b l e 7. 
T h e m e a n of g r o u p I f r o m erec t h a b i t t y p e gave p o s i t i v e d e v i a t i o n s fo r 
all c h a r a c t e r s when e x a m i n e d u n d e r w i d e spac ing ; t h e d e v i a t i o n s r a n g e d f r o m 
+ 0 . 7 % f o r p l a n t he igh t t o + 2 0 . 9 % f o r t h e n u m b e r of s t e m s . All t r a i t s , e x c e p t 
the n u m b e r of s t ems , w e r e lower t h a n t h e genera l m e a n u n d e r narrow- s p a c i n g . 
Most c h a r a c t e r s of g r o u p s I I and I I I w e r e d i agona l ly o p p o s e d to those of g r o u p 
I . Th i s w a s d e m o n s t r a t e d b y increases u n d e r narrow a n d dec reases u n d e r w i d e 
s p a c e - p l a n t i n g sys t ems . P l a n t he ight f o r g r o u p I I I gave a n a l m o s t equa l a m o u n t 
of s l ight s t i m u l a t i o n u n d e r wide ( + 3 . 0 % ) a n d n a r r o w ( + 3 . 8 % ) s p a c e d - p l a n t -
ing. 
I n semi -e rec t h a b i t , n e g a t i v e d e v i a t i o n s were c a l c u l a t e d f r o m g r o u p I 
for p l a n t h e i g h t and g reen yie ld u n d e r t h e t w o p l an t ing s y s t e m s , b u t t h e n u m -
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Table 5 
Means for various characters of clonal material 
Erect t y p e 
Characters 
Genotype  
1 2 3 4 5 6 
N w N vt N \v N w N \v N w 
1 119 155 26 110 22.3 44.8 6 .4 26.2 3 .3 15.5 3.1 10.7 
2 117 169 23 143 18.4 44.4 5.7 33.9 3.1 19.8 2.6 14.1 
3 118 152 27 156 23.2 52.7 6.6 37.3 3 .4 20.5 3.2 16.8 
4 113 138 19 102 19.1 35.7 4.7 22.8 2.6 13.6 2.1 9 .2 
5 130 168 33 139 20.2 33.3 7 .7 31.7 4.1 17.5 3.6 14.2 
6 137 178 36 145 22.2 40.2 8.6 32.6 4 .9 18.7 3.7 13 .9 
7 112 123 24 103 16.8 30.7 5.7 25.2 3.2 13.5 2.5 11.7 
8 96 135 11 70 15.7 29.0 2 .7 16.2 1.4 9.6 1.3 6 .6 




128 140 44 127 22.6 38.0 10.3 29.7 5.2 15.7 5.1 14.0 
115 156 28 87 13.9 27.9 3.7 19.5 2.0 11.3 , 1.7 8 .2 
13 154 171 46 138 20.9 41.0 10.6 30.2 6 .3 17.8 4.3 12.4 
L.S.D. 2 3 
— 
14 









1 118 153 46 140 29.6 27.7 10.9 32.7 5.6 17.8 5.3 14 .9 
2 93 121 14 69 18.1 36.3 3.1 15.9 1.5 8.4 1.6 7 .5 
3 112 138 26 113 21.6 55.4 5 .9 26.4 3.2 13.8 2.7 12.6 
4 130 172 37 167 23.3 69.8 9.2 40.0 5.4 23.6 3.8 16 .4 
5 113 143 30 111 24.7 60.1 7.4 25.7 3.7 12.7 3.7 13 .0 
6 129 156 34 115 24.3 42.3 8.6 28.6 4.4 15.8 4.2 12 .8 
7 127 176 29 126 26.1 52.2 7 .3 30.1 4 .1 17.6 3.2 12.5 
8 144 177 50 176 31.6 73.8 12.4 42.6 7 .3 25.7 5.1 16 .9 
9 123 145 24 84 13.0 26.2 5.7 20.1 3.0 11.1 2.7 9 . 0 
10 108 144 23 129 21.4 65.3 5 .1 29.0 2.5 14.7 2.6 14 .3 
11 131 169 36 124 28.4 69.0 8.7 28.9 5.1 16.8 3.6 12.1 
12 146 152 60 90 28.7 39.5 14.5 21.6 8.6 11.2 5.9 9 .4 
13 114 142 38 96 31.2 57.1 8 .9 23.8 4 .8 13.6 4.1 10.2 
L.S.D. 20 14 31 46 9.3 14.9 4 .9 11.2 2.7 6.9 2.3 4 .5 
Character 1 Plant height; 2 — Green yield: — Number of stems; 
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genotypes tested in wide and narrow spacings 
Semi -erec t type 
Characters 
w 
3 4 6 
N w N N w N w N N « 
113 144 23 100 15.5 30.5 5.6 22.7 3.1 12.1 2.5 10.6 
99 117 24 140 33.6 81 .3 5.7 35.2 2.7 17.5 3 .0 17.7 
115 132 40 128 33.4 71.3 9.7 39.2 5.0 20.4 4 .7 18.8 
130 153 32 101 21.9 36.4 7.9 25.6 4.6 14.7 3 .3 10.9 
105 146 19 92 18.7 30.7 4 .3 22.6 2.1 12.6 2.2 10.0 
125 143 25 119 22.0 44.2 6.9 28.0 3.8 15.0 3.1 13.0 
145 167 50 139 21.6 32.4 11.8 32.0 6.7 18.2 5.1 13.8 
138 157 41 116 27.9 48.5 9.8 28.0 5.4 15.0 4 .4 13.0 
139 142 39 157 24.3 47.6 8.9 36.6 5.1 21.4 3 .8 15.2 
116 155 20 132 17.8 40.4 4 .3 31.6 2.2 17.6 2.1 14.0 
119 154 27 115 19.0 32.3 5.9 25.2 3.2 13.4 2.7 11.8 
165 168 60 104 21.8 27.5 13.9 23.8 8.0 13.0 5 .9 10.8 
123 151 25 96 18.1 41.2 5.9 23.9 3 .3 13.5 2.6 10.4 
13 15 16 
— 






Prostr a t e t y p e 
118 149 27 80 26.3 48.0 6.7 19.5 3.7 11.2 3.0 8.3 
112 141 41 145 33.8 67.8 9 .3 34.1 4 .8 18.6 4 .5 15.5 
90 132 20 138 26.4 73.1 4.6 32.6 2.4 17.4 2.2 15.2 
107 145 39 154 46.3 92.3 8.6 36.7 4 .9 20.8 3.7 15.9 
82 105 19 83 34.2 66.8 3.7 19.5 1.7 9.6 2.0 9.9 
106 130 35 135 42.3 91.4 8.9 32.7 4.5 17.5 4 .4 15.4 
116 148 34 110 27.0 59.2 7.0 24.7 4.4 15.7 2.6 9.0 
117 151 43 156 32.5 72.7 9.4 34.7 5.2 20.5 4.2 14.2 
83 122 11 76 15.8 45.9 2.3 18.7 1.1 9.5 1.2 9.2 
109 133 36 119 43.6 71.4 8.1 28.6 4 .3 16.4 3 .8 12.2 
91 108 23 81 16.0 31.4 4.8 18.3 2 .3 9.2 2.5 9.1 
102 113 53 115 56.4 
_ 
9.1 
11.9 26.2 6 .3 12.9 5.6 13.3 
18 15 17 33 12.7 20.2 3.7 8.2 2.2 4.9 1.4 3.6 
4 — Dry m a t t e r yield; 5 — Dry stem weight; 6 — Dry leaf weight 
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2. Ranks for 13 genotypes of semi-erect type in wide (left) and narrow (right) spacings. Traits are presented 
as total of three cuts per plant 
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Fig. 3. Ranks for 13 genotypes of semi-prostrate type in wide (left) and narrow (right) spacings. Traits are presented 
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Fig. 4. Ranks for 12 genotypes of prostrate type in wide (left) and narrow (right) spacings. Traits are presented 
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Table 6 
Correlation values between the same trait of neighbouring genotypes in three 
replications under wide and narrow spaced'[limiting s 
Tra i t s S p a c i n g 
Erert S e m i - e r e c t 
Rep. 1 R e p . 2 Rep. .S Rep. 1 Kep. 2 Rep. 3 


















- . 2 8 
- . 2 9 
— .58 
- . 0 9 






















- . 2 1 
T . 07 














- . 1 2 
.45 
+ . 0 6 
+ .14 
.29 












- . 3 3 
Traits 
Se .ni-prostrate P r o s t r a t e 
S p a c i n g 
Rep. 1 R e p . 2 R e p . 3 Rep. 1 R e p . 2 Rep. 3 











- . 6 6 
+ .09 




- . 5 3 
i .14 
+ .58 
- . 6 1 




- . 4 0 




















- . 7 7 





Dry stein weight W N 
+ .38 
+ .06 
- . 65 
- . 5 0 
+ .08 
+ .62 
- . 7 4 
- . 3 9 




Dry leaf weight W N 
+ .04 
- .27 




- . 5 8 





b e r of s t e m s e x c e e d e d t h e g e n e r a l m e a n for t h e s e l e c t e d p o p u l a t i o n b y 2 6 . 2 % 
a n d 1 2 . 9 % r e s p e c t i v e l y u n d e r n a r r o w s p a c i n g . G r o u p s I I a n d I I I , t e s t e d u n d e r 
w i d e r s p a c e d - p l a n t i n g , showed s o m e s t i m u l a t i o n f o r p l a n t h e i g h t , h u t t h e r e 
w a s a d e p r e s s i o n in t h e n u m b e r o f s t e m s u n d e r t h e s p a c e d - p l a n t i n g s c o m p a r e d 
w i t h t h e g e n e r a l m e a n for t h e s e l e c t e d p o p u l a t i o n . 
F o r s e m i - p r o s t r a t e h a b i t , u n d e r wide s p a c i n g on ly , g r o u p I e x c e e d e d 
t h e g e n e r a l m e a n f o r all c h a r a c t e r s e x c e p t p l a n t h e i g h t . G r o u p I I w a s s u p e r i o r 
f o r al l c h a r a c t e r s u n d e r t h e t w o s p a c e d - p l a n t i n g s w i t h g r e a t e r s u p e r i o r i t y 
u n d e r wide s p a c i n g , excep t f o r p l a n t he igh t , w h e r e t h e s u p e r i o r i t y w a s g r e a t e r 
u n d e r n a r r o w t h a n u n d e r wide s p a c i n g . G r o u p I I I s l i g h t l y e x c e e d e d t h e g e n e r a l 
m e a n u n d e r n a r r o w spac ing f o r a l l c h a r a c t e r s , e x c e p t for t h e n u m b e r of s t e m s , 
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Table 7 
Deviations (°0) for means of selected groups from the general mean of the selected 
population (excluding mother parent), examined under wide. medium and narrow spaced-
plantings 
Character S p a c i n g 
E r e c t Semi-erect 
group I gr oup II group IIГ group I group II group III 













Green yield W N 
+ 9.6 




















- 1 0 . 5 
- 2 . 5 
- 15.1 
10.3 













Dry stem weight W N 
+ 12.8 
-4.8 























Character S p a c i n g 
Semi-pros trate Prostrate 
group I g r o u p II group I I I group I group I I group III 
Plant height w N 
-4.9 
- 7 . 5 
- 5 . 9 









Green yield W N 
+ 1.4 
















- 7 . 7 














































Group I — selections under wide spacings 
Group II selections under medium spacings 
Group III selections under narrow spacings 
w h i c h s h o w e d a r e d u c t i o n , w h i c h w a s g r e a t e r u n d e r w i d e t h a n u n d e r n a r r o w 
s p a c e d - p l a n t i n g . 
G r o u p s I a n d I I f r o m p r o s t r a t e t y p e s s h o w e d p o s i t i v e d e v i a t i o n s w h e n 
i n v e s t i g a t e d u n d e r t h e t w o s y s t e m s , w i t h d i f f e r e n t d e g r e e s of s u p e r i o r i t y f o r 
t h e d i f f e r e n t c h a r a c t e r s . T h e e x c e p t i o n w a s t h e s t e m y ie ld in g r o u p I w h i c h 
w a s i n f e r i o r h y 4 - 2 % w h e n t e s t e d t i n d e r w i d e s p a c i n g a n d w a s s u p e r i o r h y 
+ 1 1 . 2 % u n d e r n a r r o w s p a c i n g . 
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Discussion 
It has been d e m o n s t r a t e d t h a t va r i a t i on of p l a n t c h a r a c t e r s due to 
c o m p e t i t i o n m u s t be t a k e n into a c c o u n t so fa r as t h e y are a f f ec t ed b v inter-
g e n o t y p i c c o m p e t i t i o n (SAKAI 1955). The resu l t s ob ta ined in th i s s t u d v indi-
c a t e t h a t the d e g r e e of v a r i a b i l i t y in the c h a r a c t e r s differs w i t h t h e g rowth 
Ii a b it t y p e u n d e r t h e two s p a c e - p l a n t e d s y s t e m s . T h u s , all c h a r a c t e r s except 
t h e n u m b e r of s t e m s , were less v a r i a b l e when e x a m i n e d unde r wide spac ing 
b e c a u s e of the a b s e n c e of th is p o r t i o n of v a r i a n c e due to c o m p e t i t i o n . These 
r e s u l t s a r e in l i n e w i t h t h o s e of ROTILI ZANNONE ( 1 9 7 1 ) i n l u c e r n e a n d of STERN 
(1965) in s u b t e r r a n e a n clover. 
The v a r i ab les s tud ied s h o w e d d i f fe ren t degrees of v a r i a b i l i t y u n d e r t h e 
t w o t y p e s of t e s t i n g . P l a n t h e i g h t was t h e l eas t v a r i a b l e c h a r a c t e r , while d r y 
s t e m weight s h o w e d the m a x i m u m va r i ab i l i t y u n d e r n a r r o w spac ing . I n con-
c lus ion , d ry s t e m w e i g h t was a f f e c t e d more b y c o m p e t i t i o n t h a n p l a n t he igh t , 
VA l ien the spaced p l a n t s are t a k e n as reference . These resul ts are in a g r e e m e n t 
w i t h SAKAI (1955) , who f o u n d t h a t p lant h e i g h t was the leas t suscep t ib le 
c h a r a c t e r in r ice a n d bar ley p o p u l a t i o n s u n d e r compe t i t i ve cond i t ions . Also, 
s i m i l a r resul ts w e r e r epo r t ed in lucerne b y ROTILI ZANNONE (1970). Gene t ic 
C.Y. as well as p h e n o t y p i c C.V. increased u n d e r na r row s p a c e d - p l a n t i n g in 
c o m p a r i s o n w i t h t h a t ob t a ined u n d e r wide s p a c e d - p l a n t i n g . S imi lar resu l t s 
w e r e r epor ted in l ad ino clover b y SYAKUDO YASUMURO (1908). 
Great d i f f e r e n c e s were o b s e r v e d b e t w e e n t h e r a n k s of s t r o n g geno types 
w h i c h were b e t t e r able to show the i r ab i l i ty t o compe te u n d e r n a r r o w t h a n 
u n d e r wide s p a c i n g . I t can be sugges ted t h a t t h e s t ronges t g e n o t y p e s u n d e r 
w i d e spacing a r e unl ike ly to r e m a i n the s t r o n g e s t u n d e r n a r r o w spac ing 
w h e r e an aggress ive degree of c o m p e t i t i o n ex i s t s . Certa in clones b e h a v e d re-
l a t i ve ly b e t t e r u n d e r the t w o eva lua t i on t e c h n i q u e s . S imi lar resu l t s were 
r e p o r t e d in o t h e r forage crops (AHLGREN et al. 1945, LAZEMBY 1957). 
T h e n u m b e r of s tems in t h e case of e rec t h a b i t t y p e , wh ich lias a lower 
n u m b e r of t i l le rs p e r p l an t t h a n t h e o ther t h r e e t y p e s s tud ied , was no t a f f ec t ed 
u n d e r wide s p a c i n g b y the pos i t i ve cor re la t ions o b t a i n e d b e t w e e n n e i g h b o u r i n g 
geno types in t h e t h r ee r ep l i ca t ions . On the o t h e r h a n d , t h r e e nega t i ve va lues 
of corre la t ion w e r e c o m p u t e d in t h e th ree rep l i ca t ions u n d e r n a r r o w space-
p l a n t i n g . T h e n u m b e r of s t e m s for the more s t rong ly t i l l e r ing t y p e s (semi-
e rec t , s e m i - p r o s t r a t e , and p r o s t r a t e ) was a f f e c t e d to d i f f e ren t degrees u n d e r 
t h e two s p a c e - p l a n t e d sys t ems . 
Dry m a t t e r yield was t h e least r e s i s t an t c h a r a c t e r to c o m p e t i t i o n e f f ec t 
f o r all the f o u r t y p e s s tud ied . These resu l t s a re in good a g r e e m e n t w i th those 
r e p o r t e d b y ROTILI — ZANNONE (1970), w h o conc luded t h a t t h e n u m b e r of 
s t e m s was m o r e suscept ib le t o c o m p e t i t i o n t h a n p l a n t he igh t a n d less suscept i -
ble t h a n d r y m a t t e r yield. Mos t of the co r re l a t ions for dry m a t t e r yield b e t w e e n 
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n e i g h b o u r i n g r o w s were p o s i t i v e u n d e r w i d e s p a c i n g a n d n e g a t i v e u n d e r 
n a r r o w s p a c i n g . T h i s m e a n s t h a t t h e i n c r e a s i n g s p a c e - p l a n t e d a r e a b e t w e e n 
n e i g h b o u r i n g g e n o t y p e s r e d u c e d t h e a p p e a r a n c e of c o m p e t i t i o n as a s o u r c e 
of v a r i a b i l i t y . 
T h e p e r f o r m a n c e of d r y l e a f w e i g h t s h o w e d a s imi la r t e n d e n c y t o t h a t 
of d r y m a t t e r y i e l d , wh i l e t h e d r y s t e m w e i g h t h a d a d i f f e r e n t p e r f o r m a n c e i n 
4 o u t of 12 c a s e s . T h e s e r e s u l t s s h o w e d t h a t t h e d r y s t e m w e i g h t w a s a w e a k 
c o m p e t i t o r c o m p a r e d t o t h e d r y l e a f w e i g h t ; s t e m t h i c k n e s s w a s o n e of t h e m o s t 
i m p o r t a n t f a c t o r s a f f e c t i n g t h e d r y m a t t e r y i e l d . W h e n se l ec t ed p l a n t s , in t h r e e 
g r o u p s each s e l e c t e d u n d e r a c e r t a i n s p a c e a r e a , w e r e c o m p a r e d w i t h t h e 
g e n e r a l m e a n f o r t h e t h r e e s e l e c t e d g r o u p s , t h e d e v i a t i o n of t h e m e a n of s t e m 
n u m b e r for g r o u p I of t h e e r e c t t y p e f r o m t h e g e n e r a l m e a n w a s n o t in a g r e e -
m e n t w i t h t h a t f o r s t e m w e i g h t . T h e n u m b e r of s t e m s fo r t h e o t h e r t w o g r o u p s 
h a d n e g a t i v e d e v i a t i o n s f r o m t h e g e n e r a l m e a n u n d e r b o t h s y s t e m s , wh i l e 
t h e d r y m a t t e r y i e l d w a s s u p e r i o r in s p i t e of t h e i n f e r i o r i t y of t h e s t e m n u m b e r 
u n d e r n a r r o w s p a c i n g . T h e s e r e s u l t s g ive a s t r o n g i m p r e s s i o n of t h e i m p o r t a n c e 
of t h e s t e m t h i c k n e s s of t h e s e l e c t e d g e n o t y p e u n d e r w i d e s p a c i n g w h e n t r a n s -
p l a n t e d or sown u n d e r n a r r o w o r d r i l l c o n d i t i o n s . 
I t m a y a c c o r d i n g l y be e x p e c t e d f r o m t h e r e s u l t s o b t a i n e d f o r t h e n u m b e r 
of s t e m s a n d s t e m w e i g h t t h a t s e l e c t i o n f o r p a r e n t c lones o n t h e b a s i s of d r y 
m a t t e r y i e ld u n d e r w i d e s p a c i n g d e p e n d s m a i n l y u p o n t h e n u m b e r of t h i c k 
s t e m s , as well as u p o n p l a n t h e i g h t , w h i c h is o n l y s l i g h t l y a f f e c t e d b y c o m p e t i -
t i o n , w h i l e t h e s t e m t h i c k n e s s wi l l b e c o n s i d e r a b l y d i f f e r e n t u n d e r n a r r o w spac -
i n g o r dr i l l c o n d i t i o n s t h a n i t is u n d e r w i d e s p a c i n g . O n t h e o t h e r h a n d , selec-
t i o n f o r d r y y i e l d u n d e r n a r r o w s p a c i n g will d e p e n d u p o n t h i n s t e m a n d p l a n t 
h e i g h t ; t h e s e t w o c h a r a c t e r s wi l l r e m a i n n e a r l y t h e s a m e in m a s s s e e d i n g or 
c lo se s p a c e d - p l a n t i n g . 
T h e r e f o r e , s e l e c t i o n f o r p a r e n t c lones u n d e r n a r r o w s p a c i n g will b e 
e f f e c t i v e , b e c a u s e d i f f e r e n t v a r i a b l e s a f f e c t i n g f o r a g e y ie ld will n o t b e c o m -
p l e t e l y d i f f e r e n t u n d e r s imi la r c o n d i t i o n s . T h e p e r f o r m a n c e of c l o n e s s e l ec t ed 
u n d e r w i d e s p a c i n g wi l l r e m a i n g o o d w h e n s o w n o r t r a n s p l a n t e d in w i d e spac -
i n g , b u t w h e n t h e y a r e c h a n g e d f r o m s p a c e d t o d r i l l c o n d i t i o n s t h e y wi l l d i f f e r 
v e r y m a r k e d l y . 
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STUDY ON THE AMINO ACID SUPPLIES OF YOUNG 
HUNGAHIB PIGS 
By 
J . J É c s A i , M . S Z E L É N Y I - G A L Á N T A I , В . J U H Á S Z 
R E S E A R C H I N S T I T U T E FOR A N I M A L H U S B A N D R Y , H E R C E G H A L O M , D E P A R T M E N T O F 
P H Y S I O L O G Y , B U D A P E S T 
Investigations were made into the lysine requirements of the Hungahib pig 
and the Hungarian white meat-type pig. It was found that the Hungarian white meat-
type pig required 0.8 per cent lysine in the first phase of fattening, depending on the 
protein content of the feed, while in later phases of fattening it was sufficed with 0.6 per 
cent lysine. In the case of a feed mixture of similar composition the lysine requirement 
of the Hungahib pig was higher, even exceeding 1.0 per cent. Between the nitrogen 
retention values obtained in the examinations of nitrogen turnover and the lysine 
content of the blood plasma mathematically proved correlations were found. The cor-
relation between the free lysine content of the blood plasma and the nitrogen retention 
values was r = 0.8268, while between the lysine content of the feed and the nitrogen 
retention, r = 0.9716. Similarly intensive correlation was shown by the lysine consu-
med with the feed and the lysine content of the blood plasma, where r = 0.8865. 
In troduc t ion 
A n i m p o r t a n t p r o b l e m of p i g f e e d i n g a t p r e s e n t is t h e a d e q u a t e a n d 
e c o n o m i c a l p r o t e i n a n d a m i n o a c i d s u p p l y of t h e a n i m a l s , w i t h s p e c i a l r e g a r d 
t o t h e i r lys ine r e q u i r e m e n t s . I n t r y i n g t o s o l v e t h e p r o b l e m s o m e i m p o r t a n t 
f a c t o r s h a v e t o b e t a k e n in to a c c o u n t in e v e r y c a s e , s u c h as t h e b r e e d , t h e age 
of t h e a n i m a l s , t h e k e e p i n g c o n d i t i o n s , e t c . T h e y f u n d a m e n t a l l y i n f l u e n c e t h e 
a m i n o ac id r e q u i r e m e n t s of p i g s , a n d t h e r e b y t h e r e s u l t s of t h e e x p e r i m e n t s . 
T h e w o r k e r s of o u r I n s t i t u t e d e v e l o p e d in s e v e r a l y e a r s of r e s e a r c h w o r k a 
h i g h p r o d u c t i v i t y i n t e n s i v e h y b r i d p i g w h i c h w a s g i v e n t h e n a m e H u n g a h i b . 
I n o u r p r e s e n t e x p e r i m e n t s we m a d e c o m p a r a t i v e s t u d i e s o n t h e l y s i n e r e q u i r e -
m e n t s of t h e H u n g a r i a n la rge w h i t e m e a t - t y p e p i g a n d t h e H u n g a h i b p ig . 
Mater ia l and Method 
The Hungahib pigs and the Hungarian large white meat-type pigs were fed in three 
groups each with feeds of different protein content and within it of different lysine concentra-
tion. The crude protein content of fodder mixtures marked "A" was 17 per cent in which 0.8 
per cent (group III) , 0.9 per cent (group I) and 1.1 per cent (group II) lysine was supplied, 
while the "B" fodder mixture, beside a 14 per cent crude protein content, had lysine concentra-
tions of 0.6 per cent (group III), 0.9 per cent (group 1) and 1.2 per cent (group II). Both the 
" A " and "B" feeds had a starch value of 73 kg/q. The compositions and nutrient contents of 
feeds are presented in Table 1. 
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Table 1 
Composition and percentage nutrient content in feeds 
Feed 
" A " " B " 
1 II i n i l i l l 
Corn meal 4 0 . 0 4 0 . 0 4 0 . 0 4 0 . 0 4 0 . 0 4 0 . 0 
Wheat meal 4 3 . 5 4 3 . 3 4 3 . 6 4 8 . 3 4 8 . 0 4 8 . 6 
Fish meal 6 . 0 6 .0 6 . 0 3 . 0 3 .0 3 .0 
Ext r . soymeal 8 . 0 8 .0 8 .0 6 . 0 6 . 0 6 .0 
Feed lime 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 
Foszkal (Phylaxia) 0 . 5 0 .5 0 . 5 0 . 5 0 . 5 0 .5 
Feeding salt 0 . 4 0 . 4 0 . 4 0 . 4 0 . 4 0 .4 
Vitamin premix (Phylaxia) 0 . 5 0 .5 0 . 5 0 . 5 0 . 5 0 . 5 
Mineral premix (Phylaxia) 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 
L-lysine supplement 0 . 1 0 . 3 
— 
0 . 3 0 . 6 
— 
Total 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
Crude protein, % 1 7 . 0 17 .0 17 .0 14 .0 14 .0 14 .0 
Starch value, kg/q 7 3 7 3 7 3 7 3 7 3 7 3 
Total lysine, % 0 . 9 1 .1 0 . 8 0 . 9 1.2 0 .6 
Total methionine, % 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 
In our small-scale group experiment the fodder mixtures were fed to 25 animals per 
group (a total of 150 animals). The nitrogen turnover examinations were made with animals 
placed individually in metabolism pens. 
Feeds marked " A " were consumed by the animals until they reached an average live 
weight of 60 — 65 kg, then the lower protein content " B " feeds were fed up to the attainment of 
95 kg live weight. During the experiments the weight gain of animals was checked by a monthly 
weighing, and the feed conversion was determined for the whole phase of the experiment. 
F rom the animals included in the group experiment — from 5 of each group — blood samples 
were taken once every month, while from the individually kept pigs blood was taken at the 
end of each experimental phase. The blood sampling was carried out according to NORDSTROM 
et al. (1970). From the blood samples the total protein, total amino acid and the rest nitrogen 
content (RN) were determined on the basis of a description by BÁLINT (1962), and the lysine 
c o n c e n t r a t i o n w i t h t h e m e t h o d of M O O R E — S T E I N ( 1 9 5 4 ) , MOORE et al. ( 1 9 5 8 ) a n d DÉVÉNYT 
(1968, 1969). A detailed description of the blood tests has already been given in a previous 
paper ( J É C S A I et al. 1 9 7 4 ) . 
Results 
T h e f a t t e n i n g r e su l t s of o u r g r o u p e x p e r i m e n t s c a r r i e d o u t w i t h H u n g a -
r i a n l a rge w h i t e m e a t - t y p e p igs a r e s u m m e d u p in T a b l e 2. T h e d a t a s h o w t h a t 
w h e n g iv ing A f e e d m i x t u r e of 17 p e r c e n t c r u d e p r o t e i n c o n t e n t ( d i e t " A " ) 
t h e h i g h e s t w e i g h t g a i n (662 g / d a y ) a n d b e s t f e e d c o n v e r s i o n (1 k g w e i g h t ga in 
f r o m 3 .13 k g f e e d m i x t u r e ) c o u l d b e a t t a i n e d w i t h a l y s i n e c o n t e n t of 0 .8 p e r 
c e n t . I n a l a t e r p h a s e of f a t t e n i n g a 0 .6 p e r c e n t l y s i n e c o n c e n t r a t i o n of t h e 14 
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Table 2 
Average fattening results of the Hungarian large white meat-type pig* 
F e e d Group 
Daily we ight 
gain, 
g 
A m o u n t of 
feed used for 1 kg 
weight gain, 
kg 
"A" feeds given between I 614 3.14 
the weight limits of 31 I I 640 3.38 
and 65 kg I I I 662 3.13 
" B " feeds given between I 548 2.98 
the weight limits of 31 I I 600 2.97 
and 65 kg I I I 618 2.82 
* Over a month Aujeszky' disease. 
pe r c e n t c r u d e p r o t e i n c o n t e n t f e e d ( d i e t " B " ) p r o v e d s u f f i c i e n t t o a t t a i n t h e 
b e s t w e i g h t i nc rease a n d f e e d c o n v e r s i o n . T h e m o s t f a v o u r a b l e f e e d c o n v e r s i o n 
(2.82 k g f o r 1 kg w e i g h t ga in ) w a s o b t a i n e d w i t h a n i m a l s f ed o n t h e d ie t 
B / I I I . 
D u r i n g t h e e x p e r i m e n t s t h e t o t a l p r o t e i n c o n t e n t of t h e b l o o d p l a s m a 
r a n g e d b e t w e e n 7.8 a n d 9 .0 g p e r c e n t . T h e t o t a l a m i n o a c i d - n i t r o g e n c o n t e n t 
was a n a v e r a g e of 14 m g / 1 0 0 ml in t h e a n i m a l s c o n s u m i n g f eeds m a r k e d " A " , 
a n d a n a v e r a g e of 12.5 m g / 1 0 0 ml in t h e g r o u p s f e d o n d i e t " B " . T h e c o n c e n t r a -
t ion of t h e R N in t h e b l o o d p l a s m a w a s f o u n d t o b e 2 9 m g / 1 0 0 m l w h e n d i e t 
" A " , a n d 2 5 m g / 1 0 0 m l w h e n d i e t " B " w a s f e d . 
N o s i g n i f i c a n t d i f f e r e n c e in t h e t o t a l p r o t e i n c o n t e n t of t h e b l o o d p l a s m a , 
t h e t o t a l a m i n o a c i d - n i t r o g e n c o n t e n t a n d t h e c o n c e n t r a t i o n of t h e R N w a s 
t h u s f o u n d b e t w e e n t h e a n i m a l g r o u p s g i v e n feed m i x t u r e s of d i f f e r e n t p r o t e i n 
c o n t e n t . 
T h e r e s u l t s of n i t r o g e n t u r n o v e r e x p e r i m e n t s c a r r i e d o u t w i t h H u n g a -
h ib p i g s a r e g iven in T a b l e 3. A c c o r d i n g l y , w h e n e v e r t h e l o w e r p r o t e i n c o n t e n t 
" B " f e e d m i x t u r e w a s g i v e n a h i g h e r n i t r o g e n r e t e n t i o n w a s o b t a i n e d t h a n w h e n 
Table 3 
Daily average nitrogen retention in Hungahib pigs (g) 
Group o f 
animals 
" A " feeds " B " feeds 
I и H I I II i n 
I 3 3 . 1 3 8 . 9 3 5 . 0 3 4 . 6 3 9 . 0 3 1 . 1 
и 1 9 . 1 2 3 . 5 1 4 . 0 4 0 . 9 3 6 . 5 3 2 . 9 
H I 2 7 . 2 3 8 . 2 3 4 . 3 3 7 . 2 3 7 . 8 3 1 . 4 
I V 3 5 . 0 3 3 . 5 2 7 . 5 2 6 . 5 4 3 . 4 3 3 . 0 
X 2 8 . 6 + 7 . 1 3 3 . 6 + 7 . 1 2 7 . 8 + 6 . 1 3 4 . 8 + 3 . 0 3 9 . 2 + 3 . 0 3 2 . 1 + 0 . 9 
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f e e d i n g the " A " d i e t . T h e h i g h e s t n i t r o g e n r e t e n t i o n ho t l i w i t h t h e " A " a n d 
" B " d ie t was a t t a i n e d w i t h a l y s i n e c o n t e n t of 1.1 a n d 1 — 2 p e r c e n t , r e s p e c t i v e l y . 
T h e " A " / I I f e e d r e s u l t e d in a 3 3 . 6 g / d a y , w h i l e t h e " B " / I I f e e d in a 39.2 g / d a y 
n i t r o g e n r e t e n t i o n . T h i s m e a n s t h a t our h y b r i d p i g is a b l e t o c o n v e r t m o r e 
t h a n 1 per c e n t l y s i n e . 
I n o u r p r e v i o u s i n v e s t i g a t i o n s (SZELÉNYI et al. 1 9 7 3 ) we f o u n d 
t h a t w i t h t h e H u n g a r i a n l a r g e w h i t e m e a t - t y p e p i g an a v e r a g e of 20 g d a i l y 
n i t r o g e n r e t e n t i o n cou ld be a t t a i n e d w i t h a f e e d m i x t u r e c o n t a i n i n g 0 .9 p e r 
c e n t lys ine . A y o u n g H u n g a h i b p i g , on t h e o t h e r h a n d , is a h l e t o r e t a i n a n 
a v e r a g e of 35 g n i t r o g e n a d a y w i t h t h e s a m e l y s i n e c o n t e n t f e e d . 
Changes i n t h e lys ine c o n t e n t of t h e b l o o d p l a s m a a r e s h o w n in T a b l e 4 . 
I n t h e a n i m a l s o f g r o u p s I a n d I I t h e a v e r a g e l y s i n e c o n t e n t of t h e b l o o d p l a s m a 
d i d n o t s h o w a n y s i g n i f i c a n t c h a n g e w i t h e i t h e r t h e " A " o r t h e " B " f e e d s . 
S i n c e a n y s u b s t a n t i a l d i f f e r e n c e i n t h e lys ine c o n t e n t of t h e f e e d w a s on ly f o u n d 
i n t h o s e m a r k e d A / I I I (0.8 p e r c e n t lys ine c o n t e n t ) a n d B / I I I ( 0 . 6 p e r cen t l y s i n e 
c o n t e n t ) , t h e r e f o r e i n t h e b l o o d p l a s m a of t h e s e g r o u p s t h e l y s i n e c o n c e n t r a t i o n 
a l s o showed a n e s s e n t i a l d i f f e r e n c e . I n t h e a n i m a l s of g r o u p " A " 25.6, w h i l e 
i n t h o s e of g r o u p " B " 20.1 f iMo l l y s ine w a s m e a s u r e d . T h e d i f f e r e n c e b e t w e e n 
t h e t w o v a l u e s i s s i g n i f i c a n t ( p <+ 0 .001) . 
Table 4 
Changes in the lysine content of the blood plasma in Hungahib pigs 
Groups 
I u m 
" A " feeds 2 8 . 8 4 1 . 4 3 8 . 5 + 0 . 2 2 5 . 6 • 1 . 7 
" B " feeds 2 8 . 7 1 . 7 3 7 . 9 + 4 . 7 2 0 . 1 ; 2 . 0 
Conc lus ions 
The a b o v e r e s u l t s c o n f i r m o u r ea r l i e r f i n d i n g s (SZELÉNYI et al. 1973 , 
1 9 7 5 ) t h a t w h e n a f eed of c o n s t a n t e n e r g y c o n t e n t is c o n s u m e d , w i t h i n t h e 
p r o t e i n and a m i n o ac id c o n t e n t of t h e f eed m a i n l y t h e a m o u n t of lysin p l a y s 
t h e decisive r o l e i n t h e w e i g h t g a i n a n d f e e d c o n v e r s i o n of p i g s . F r o m t h e 
r e s u l t s of o u r e x p e r i m e n t s w e c a n d r a w t h e c o n c l u s i o n t h a t t h e c r u d e p r o t e i n 
c o n t e n t in t h e f e e d of t h e H u n g a r i a n large w h i t e m e a t - t y p e p i g c a n be r e d u c e d 
t o 14 per c e n t o r e v e n less if a l y s i n e c o n c e n t r a t i o n of 0.9 p e r c e n t is e n s u r e d i n 
t h e d ie t . 
In t h e i n i t i a l p h a s e of f a t t e n i n g t h e H u n g a r i a n l a r g e w h i t e m e a t - t y p e 
p i g r equ i res 0 .8 — 0 .9 p e r c e n t l y s i n e in t h e f e e d d e p e n d i n g o n t h e p r o t e i n c o n t e n t 
o f t h e d ie t ; in t h e l a t e r p h a s e s 0 . 6 p e r c e n t l y s i n e is s u f f i c i e n t . 
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E x p e r i m e n t s p e r f o r m e d w i t h t h e H u n g a h i b pig h a v e r e v e a l e d t h a t t h i s 
i n t e n s i v e h y b r i d ha s a n e s s e n t i a l l y h i g h e r l y s i n e r e q u i r e m e n t ( a b o u t 1 .0 p e r 
c e n t ) t h a n t h e H u n g a r i a n l a r g e w h i t e m e a t - t y p e pig . 
B e t w e e n t h e n i t r o g e n r e t e n t i o n v a l u e s o b t a i n e d in t h e cou r se of i n v e s t i -
g a t i o n s i n t o t h e n i t r o g e n t u r n o v e r , a n d t h e l y s i n e c o n t e n t of t h e b lood p l a s m a 
m a t h e m a t i c a l l y p r o v e d c o r r e l a t i o n s w e r e f o u n d . T h e c o r r e l a t i o n b e t w e e n t h e 
Fig. 1. Relationship between the lysine content of the blood plasma and the nitrogen retention 
f r e e l y s i n e c o n t e n t of t h e b l o o d p l a s m a a n d t h e n i t r o g e n r e t e n t i o n v a l u e s w a s 
r = 0 . 8 2 6 8 ( F i g . 1). A s i m i l a r l y close c o r r e l a t i o n was f o u n d b e t w e e n t h e l y s i n e 
c o n t e n t of t h e f e e d a n d t h e n i t r o g e n r e t e n t i o n of pigs ( F i g . 2 ) , w i t h r = 0 . 9 7 1 6 . 
T h e r e l a t i o n s h i p w a s i n t e n s i v e b e t w e e n t h e a m o u n t of l y s i n e c o n s u m e d w i t h t h e 
f e e d a n d t h e l y s i n e c o n t e n t of t h e b l o o d p l a s m a — r = 0 . 8 8 6 5 ( F i g . 3 ) . O n 
t h e b a s i s of t h e c o r r e l a t i o n s seen in F i g s 1, 2 a n d 3 it c a n b e e s t a b l i s h e d t h a t 
t h e a m o u n t of l y s ine s u p p l i e d in t h e f e e d d e c i d e d l y i n f l u e n c e s t h e f r e e a m i n o 
ac id c o n t e n t of t h e b l o o d p l a s m a a n d t h e a m o u n t of n i t r o g e n r e t a i n e d i n t h e 
o r g a n i s m . F u r t h e r m o r e , t h e a b o v e c o r r e l a t i o n s s h o w t h a t i n a s m u c h a s t h e 
lys ine c o n t e n t of t h e b l o o d p l a s m a i n c r e a s e s , t h e n i t r o g e n b a l a n c e r i s e s i n a 
p o s i t i v e d i r e c t i o n , t h a t is , t h e o r g a n i s m is a b l e t o r e t a i n m o r e n i t r o g e n . T h u s 
t h e e f f e c t of t h e l y s ine c o n t e n t of f eed o n t h e l y s ine c o n c e n t r a t i o n of t h e b l o o d 
p l a s m a is s i m i l a r t o t h a t e x e r t e d on t h e n i t r o g e n r e t e n t i o n . T h e c o r r e l a t i o n s 
c a l c u l a t e d o n t h e bas i s of o u r e x p e r i m e n t a l r e s u l t s s u g g e s t t h a t b o t h t h e p o s i t i v e 
d i r e c t i o n s h i f t of t h e n i t r o g e n b a l a n c e a n d t h e m e a s u r i n g d a t a of t h e f r e e 
с 
50.0 
Lys ine c o n c e n t r a t i o n o f t h e p l a s m a y j M o l / 1 0 0 m l 
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a m i n o ac id c o n t e n t of t h e b l o o d p l a s m a m a i n t a i n i n g t h e p r e s c r i b e d c o n d i -
t i o n s p r o v i d e a f i r m b a s i s o n wh ich t o d e t e r m i n e t h e l y s i n e r e q u i r e m e n t s 
of p igs . 
A n o t h e r c o n c l u s i o n d r a w n f r o m o u r e x p e r i m e n t s is t h a t an a d e q u a t e 
a m o u n t of s y n t h e t i c l y s i n e s u p p l i e d in a w e l l c o m p o s e d d i e t c a n be u t i l i z e d 
b y t h e o r g a n i s m in t h e s a m e w a y as l y s i n e g i v e n in a p r o t e i n - b o u n d f o r m . 
Lys ine c o n s u m p t i o n ( f l / k g W 0 6 7 ) 
Fig. 3. Relationship between the lysine content of the blood plasma and the lysine up take 
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VARIA 
GROWTH MEASUREMENTS O F HUNGARIAN FLECKVIEH x CANADIAN 
HOLSTEIN FRIESIAN 3 (F,), 
AND HUNGARIAN FLECKVIEH x J E R S E Y $ (F,) B U L L S 
The surface body measurements of animals were investigated by several workers 
( B R O D Y 1 9 4 5 , J O U B E R T 1954 , DAVIS—HATHAWAY 1 9 5 5 , 1 9 5 9 , HORN et al. 1960, FARRAG 
1971). These measurements provide records for the normal development of animals and thereby 
can be used as estimations for the prediction of the conformation, size, age and sex of the nor-
mal individuals. Also, measurements taken on various par t s of the body furnish an objec-
tive description of body conformation, which is one of the most impor tant bases in judg-
ing and selecting for breeding and production purposes. 
The present s tudy is a preliminary effort to evaluate certain body measurements as 
predictors of the subsequent growth ra te of the body pa r t s of the two new crossbred types of 
Hungarian Fleckvieh Ç X Canadian Holstein Friesian f , F t and Hungarian Fleckvieh Ç X 
Jersey (J, F , hulls. 
The data used for this study were obtained from two equal groups of 14 bulls, born a t 
the Szentegát State F a r m (Hungary). These bulls were selected at random from the crossbred 
herd of Hungarian Fleckvieh X Canadian Holstein Friesian ( H F x C H F ) F t , group I, and 
Hungarian Fleckvieh X Jersey ( H F x J ) , F l f group II . 
The two groups of animals were kept loose in two separate pens. Rations of similar 
composition were offered to the two groups during the whole experimental period. Af te r 
suckling the colostrum and the mother-milk, the rations fed consisted of commercial dry-milk 
and calf-starter, till 102 days of the animal 's age. Then alfalfa-hay, molass and concentrated 
feed were offered ad libitum till the end of the experimental period. For more details of general 
feeding and management reference should be made to an earlier paper (FARRAG 1971). 
The live weights and the following body measurements were recorded as described 
by DAVIS—HATHAWAY (1955): at b i r th , 3, 6, 9, 12 and 15 months of age. 
1. Length of body: from the f r o n t of the shoulder point to the rear of the spine bone. 
2. Height at withers: the vertical distance from the ground to the highest level of the 
shoulder blade. 
3. Depth of chest: the vertical distance from the top of the spinal column just behind 
the shoulder blade to the lower surface of the breast-bone. 
4. Girth of chest: the girth of chest across the f i f t h or the sixth thoracic vertebra, 
measured by tape. 
5. Width of chest: the horizontal width of the chest just behind the shoulder blade 
across the f i f th or the sixth thoracic vertebra. 
6. Width between thurls: the horizontal distance between the ex t reme of the f emur 
knobs. 
7. Length of rump: the distance from the hip bone to the rear of the spine bone. 
8. Girth of metacarpal bone: the circumference of the fore metacarpus approximately 
midway between the knee and the pas tern . 
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In order to eliminate, as much as possible, the variations caused by changes in the 
position of each animal, the body measurements during all the experimental period were 
taken by the same person in triplicate and averaged. Also it mus t be pointed ou t t ha t the 
body measurements at birth were not taken f r o m all the experimental animals, bu t f r om only 
5 animals of group I, and 6 animals of group I I . 
The da t a regarding the live weights and body measurements of the experimental ani-
mals in the two groups were coded and punched on cards for f u r t h e r analysis using the elec-
tronic computer at the Animal Physiology Depar tment , Universi ty of Veterinary Science, 
Budapest. The mean values, s tandard errors, and standard deviations were applied as suggested 
b y SNEDECOR ( 1 9 5 6 ) . 
The means, standard errors and s tandard deviations of the live weight and body 
measurements at birth, 3, 6, 9, 12 and 15 m o n t h s of age of the two groups of experimental 
animals are presented in Table 1. Fig. 1 shows the linear body measurements of the 
crossbred bull groups from b i r th till the end of the experimental period. It could be observed 
that the body measurement of the two groups showed an increase with advancing age and 
increasing live weights. At b i r th the H F x C H F bulls (group I) were 5.79 + 0.72 kg heavier 
than the H F x J bulls (group II ) ; at the same time all the body measurements of group J 
were larger than those of the animals of group IT. Also for each age period thereafter the ani-
mals of H F X CHF exceeded those of the H F X J bulls in body size. 
I t is important to compare the mean body measurements of the two groups a t birth 
and at the end of the experimental period. Near ly identical differences were found between 
the two groups of hulls at b i r th and at 15 mon ths in height at shoulder, width of chest , width 
between thur ls and girth of metacarpal bone, while differences in body length, length of 
rump, as well as girth and dep th of chest of t he two groups of animals were increased at the 
end of the experimental period, except the body length which -was reduced. 
In order to study the developmental changes in the body size of the two groups of 
animals, the mean percentage increases in the body dimensions f r o m birth to an average age 
of 15 months has been calculated after JOUBERT (1954). The calculation of the to ta l develop-
ment is based on the assumption that the an imals were fully grown for fattening a t the end 
of the 15th month . Table 2 shows the mean percentage increases and differences in percentage 
increases of the body measurements from bi r th till 3, 6, 9, 12 and 15 months of age of the two 
groups of animals. The mean percentage increases from birth onwards relative to the birth 
dimensions indicate that the body dimensions of H F X J (group 11) developed fas ter than 
those of H F XCHF (group I) with the exception of the body length (from birth to 3 months) 
and the chest depth (from 9 to 12 months), which developed slightly slower in group II than 
in group I. 
Also da ta in Table 2 indicate that wi th the exception of the chest depth (from 9 to 
12 months), rump length ( f rom 3 to 6, and f rom 12 to 15 months) of group I and chest girth 
and height a t shoulder (from 6 to 9 months) of group II, the percentage increases of t he respec-
tive dimensions of the two groups of animals show a faster post-natal increase ( f rom birth 
till 3 months of age), which continues at a comparatively slightly lower level till the end of 
the experimental time. 
A faster post-natal increase (from bir th till 9 months), which largely reduces thereafter 
till the end of the experimental period, can be observed (Table 2) in body length, chest width 
and girth of metacarpal bone of the two groups of experimental animals. 
Similarly, the width between thurls of the two groups showed faster increases (from 
birth to 6 months of age), b u t these increases lowered till the age of 12 months thereafter 
a high level of increase in th is dimension was found till the end of the 15th m o n t h of age. 
As it was found earlier by JEFFERY—BERG (1973), the breed difference is responsible 
for the high level of variance in growth, as well as for the fact t h a t the heavier calves at birth 
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Table 1 
Means + Standard errors and standard deviation of the live body weights and body 
measurements at birth, 3, 6, 9. 12, and 15 months of age in the two groups of 
animals* 
T r a i t s Groups 
At birth At 3 m o n t h s At 6 m o n t h s 
x + S.E. S . D . X + S.E. S . D . X + S . E . S .D. 
Live body weight 34.57 + 2.01 7.56 122.14+3.46 12.97 242.50 + 6.22 23.27 
(kg) 28.78 + 1.29 4.84 109.64 + 4.76 17.81 214.64 + 9.57 35.81 
Length of body I 68.20 + 1.32 2.95 91.07 + 0.98 3.67 113.36 + 1.52 5.69 
(cm) II 60.83 + 1.89 4.62 89.78 + 1.27 4.76 109.93 + 1.79 6.70 
Height at I 76.40 T-2.25 5.03 92.14 + 0.60 2.25 105.43 + 1.05 3.92 
withers (cm) II 67.67 + 2.67 6.53 86.86 + 1.25 4.67 97.36 + 1.15 4.29 
Depth of chest I 29.00-1.30 2.91 40.68 + 0.54 2.03 50.07 + 0.57 2.13 
(cm) II 26.83-rl.27 3.12 39.57 + 0.54 2.03 48.00 + 0.65 2.42 
Girth of chest I 78.80 + 1.80 4.02 111.50 + 1.39 5.21 143.07 + 1.81 6.76 
(cm) II 71.83 + 1.54 3.76 106.21 + 1.67 6.26 133.36 + 2.27 8.50 
Width of chest I 18.00+0.32 0.71 25.21 + 0.63 2.36 32.43 + 1.00 3.73 
(cm) II 13.83 + 0.87 2.14 22.57 + 0.86 3.23 27.86 + 1.18 4.43 
Width between I 21.40 + 0.51 1.14 27.86 + 0.37 1.41 36.50 + 0.50 1.87 
thurls (cm) II 17.16 + 1.25 3.06 25.57 + 0.57 2.14 32.57 + 0.81 3.03 
Length of rump I 24.20 f 0.49 1.09 31.64+0.36 1.34 40.12 + 0.54 2.01 
(cm) II 21.33 + 0.56 1.37 30.71 + 0.70 2.61 38.50- 0.75 2.79 
Girth of 11.80+0.20 0.44 13.21 + 0.19 0.70 15.64 + 0.17 0.63 
metacarpal 
bone (cm) II 10.67 + 0.21 0.52 12.83 + 0.14 0.51 14.86 + 0.25 0.95 
T r a i t s Groups 
At 9 months At 12 m o n t h s At 15 m o n t h s * 
S . D . X + S.E. x + S.E. S . D . X + S . E . S.D. 
Live body weight I 361.78 + 6.47 42.99 473.93 + 8.55 32.00 578.21 + 11.49 42.99 
(kg) II 325.71 + 9.31 34.85 410.00 + 9.12 34.14 494.28 + 11.59 43.36 
Length of body I 135.71 + 1.15 4.32 142.71 + 1.49 5.57 150.07 + 1.35 5.06 
(cm) II 132.43 + 1.44 5.40 137.50 + 1.58 5.91 145.78 + 1.44 5.39 
Height a t I 119.43 + 1.16 4.34 126.14 + 0.98 3.68 131.93 + 0.97 3.65 
withers (cm) II 111.78 + 1.19 4.46 118.93+1.02 3.81 123.50 + 1.39 5.20 
Depth of chest I 56.00 + 0.89 3.33 63.43 + 0.61 2.28 68.00 + 0.64 2.38 
(cm) II 53.64 + 0.51 1.90 58.43 + 0.98 3.65 63.50 + 0.48 1.79 
Girth of chest I 171.36 + 1.44 5.39 185.78 + 2.02 7.57 196.78 + 1.61 6.01 
(cm) II 162.07 + 2.12 7.92 176.28 + 1.64 6.14 183.36 + 1.80 6.74 
Width of chest I 42.07 + 0.91 3.41 46.93 + 0.65 2.43 47.00 + 0.65 2.42 
(cm) II 37.14 + 0.92 3.46 41.86 + 0.71 2.66 42.50 + 0.63 2.38 
Width between 1 38.50+0.72 2.68 41.00 + 0.56 2.11 48.57 + 0.48 1.78 
thurls (cm) 11 34.78 + 0.69 2.58 35.07 + 0.46 1.73 42.93 + 0.69 2.55 
Length of rump I 45.36 + 0.67 2.50 48.36 + 0.49 1.82 53.78 + 0.97 3.62 
(cm) II 43.50 + 0.68 2.53 46.50 + 0.46 1.74 49.12 i 0.50 1.89 
Girth of I 19.14 + 0.25 0.95 20.71 + 0.22 0.82 21.07 + 0.19 0.73 
metacarpal 
bone (cm) II 17.64 + 0.29 1.08 19.28 + 0.19 0.73 19.64 + 0.20 0.74 
* Group I: Hungarian FleckviehXCanadian Holstein Friesian F, : Group I I : Hunga-
rian Fleckvieh X Jersey F, 
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I I I I I 
Birth 3 6 9 12 15 
Months 
Fig. 1. Linear body measurements for H F x C H F a n d H F x J crossbred bulls from bir th 
to 15 months by three-month intervals (1, 1' Length of body. 2, 2' Height at withers. 3, 3' 
Depth of chest. 4, 4' Girth of chest. 5, 5' Width of chest . 6, 6' Width between thurls. 7, 7' 
Length of r u m p . 8, 8' Girth of metacarpal hone) 
tended to exceed in growth during the live period. The present results in Table 1 regarding 
the live weight and body dimensions of the two groups of animals indicate that the bulls of 
Hungarian Fleckvieh X Canadian Holstein Friesian were heavier in absolute bodv weight and 
larger in body dimensions from bi r th till the end of the experimental period than those of 
Hungarian Fleckvieh X Jersey hulls. 
The relative increases in body weights and dimensions to the bi r th weight and size of 
the Holstein Friesian, Ayrshire, Guernsey and Jersey hulls were s tudied earlier (DAVIS -
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Mean percentage increases an<l differences in percentage increases of body measurements from birth till 3, 6, 9, lit 
and 15 months of age in the tieo groups of animals* 
Traits Groups 
3 months 6 months 9 months 12 months 15 months 
increase difference increase difference increase difference increase difference increase difference 
Length of body I 33.53 33.53 66.22 32.69 98.99 32.76 109.25 10.26 120.04 10.79 
II 31.15 31.15 80.72 49.57 117.70 36.98 126.04 8.34 139.65 13.61 
Height at withers 1 20.60 20.60 38.00 17.40 56.32 18.32 65.10 8.78 72.88 7.58 
II 28.36 28.36 43.87 15.51 65.18 21.31 75.75 10.57 82.50 6.75 
Depth of chest I 40.27 40.27 72.27 32.00 93.10 20.83 118.72 25.62 134.48 15.76 
Girth of chest 
11 47.48 47.48 78.90 31.42 99.92 21.02 117.78 17.86 136.67 18.89 
1 41.50 41.50 81.57 40.07 117.46 35.89 135.76 18.30 149.76 14.00 
Width of chest 
11 47.86 47.86 85.66 37.80 125.63 39.97 145.41 19.78 155.27 9.86 
I 40.05 40.05 80.17 40.17 133.72 53.55 160.72 27.00 161.11 0.39 
II 63.19 63.19 100.00 36.81 168.55 68.55 202.67 34.12 207.30 4.63 
Width between 1 30.19 30.19 70.56 40.37 79.91 9.35 91.59 11.68 126.96 35.37 
thurls 11 49.00 49.00 89.80 40.80 102.68 12.88 104.37 1.69 150.17 45.80 
Length of rump 1 30.74 30.74 65.78 35.04 87.44 21.66 99.83 12.39 122.23 22.40 
Girth of 
II 44.50 44.50 80.50 36.00 103.94 23.44 118.00 14.06 130.28 12.28 
1 11.95 11.95 32.54 20.59 62.20 29.66 75.51 13.31 78.56 3.05 
metacarpal bone 11 20.24 20.24 39.27 19.03 65.32 26.05 80.69 15.37 84.07 3.38 
Group I: Hungarian Fleckvieh X Canadian Holstein Friesian; Group I I : Hungarian Fleckvieh X Jersey. 
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HATHAWAY 1959). I t was found t h a t the greastest relat ive gain in weight and body size were 
shown by the Jersey breed, the r u m p length and chest width were greater only during the f i rs t 
nine months in the Holstein Friesian breed. Similarly, it seems that the Je r sey breed is respon-
sible for the faster increase in the relative body weights and measurements from birth onward 
in the Hungarian Fleckvieh X Jersey crossbred bulls, t h a n those of Hungar ian Fleckvieh X Cana-
dian Holstein Friesian crossbred bulls. 
The present result shows t h a t more than half of the total growth in the body length, 
height at shoulder and girth of metacarpal bone were already completed a t six months of age. 
I t could be concluded that the percentage increases f rom birth onward indicate that these 
dimensions were relatively early maturing. This resul t supports the conclusion of BRODY 
(1945) and FARRAG (1971) that these are relatively early maturing skeletal measurements. 
Also Table 2 shows fast post-natal increases in the three chest dimensions (girth, wid th 
and depth) through the first three months in the two groups of experimental animals. As it 
was pointed out earlier by HAMMOND (1932), the r ibs in the live animals are held in posi t ion 
by muscles a n d the degree of development is an impor tan t factor determining the spring of 
the ribs. Highly muscular development in the region of the fifth and s ix th ribs could be noted 
(Table 2) from bir th till 12 months of age in both experimental groups. 
Similarly high percentage increases were found in the chest gir th of the two groups of 
animals from bir th to the ninth mon th . BRODY (1945) reported that chest girth has a compar-
atively rapid ra te of postnatal growth and is slower in reaching m a t u r i t y than most o the r 
body measurements. 
It could be observed tha t the high percentage increases in the three chest dimensions 
f rom birth onwards indicate t h a t these measures mus t rank among the late maturing dimen-
sions. 
Since the hind quarters contain the most valuable cuts from the producers ' and bu tchers ' 
points of view, the width between thurls and the r u m p length part icularly in relation to o ther 
body proportions could be considered as important measures of potent ia l muscular develop-
ment. Only about 20 per cent of the total development in the width between thurls happened 
through the last three months in the two groups of experimental animals. However, more 
than half of the development in the preceding two dimensions were completed at six m o n t h s 
of age. So it could be reported t h a t the post-natal development of the two cross-bred types of 
experimental animals do not fully support the views of the producers and butchers. 
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FIVE Y E A R S ' RESULTS OF INVESTIGATIONS ON P O W D E R Y M I L D E W 
IN W H E A T AT MARTONVÁSÁR (1971 1975) 
I. Physiological specialization 
At the end of the fifties the standard of wheat growing in Hungary changed consider-
ably. According to RAJKI (1960) this was due to the introduction of new varieties in commer-
cial production, the application of new large-scale cultural practices and the general use of 
high rate fertilization. All this promoted the mass appearance and spread of a number of 
wheat diseases, among others Erysiphe graminis DC. f. sp. tritici Marchai. It has thus become 
necessary to s tudy this pathogen in detail. 
Powdery mildew is a pathogen generally specific to the host plant . Its biological forms 
(formae speciales), which are completely identical morphologically and only differ in their 
primary and secondary hosts, were determined f i rs t of all on the basis of experiments carried 
o u t b y MARCHAL (1902) a n d SALMON ( 1 9 0 3 ) . P o w d e r y m i l d e w h a s 3 3 b i o l o g i c a l f o r m s 
(KARTOSKINA 1964). One of them is Erysiphe graminis DC. f. sp. tritici Marchal, a parasi te of 
wheat and wheat-grass. Even these biological forms are not uniform hut undergo f u r t h e r spe-
cialization within the main host plant. These forms are called races and are identified by 
m e a n s of a t e s t S o r t i m e n t ( N O V E R 1957 , LEIJERSTAM 1965, WOLFE 1 9 6 7 , SZUNICS — SZUNICS 
1972) . 
Powdery mildew was obtained from various varieties sown on the experimental 
area. In identifying the races we used the method of NOVER (1957). During the experiment 
the temperature in the greenhouse was 16 — 20°C and the relative humidi ty 50- 9 0 % . 
During the past five years 638 pure cultures have been produced, from which 38 races 
were identified. Of the isolated races 11 were found in all the years, 5 in three years, 11 in two 
years and 7 in one year of the period in question (Table 1). 
The annual occurrence of the prevalent races ( I, 26, 9, 52, 2) is similar, though certain 
differences can be observed. This does not. however, contradict the literary data (BÓCSA 1968. 
VORONKOVA — SLDORINA 1974) . 
The races may differ in frequency. Races 13 and 18, for example, were isolated in similar 
percentages every year. The population numbers of races 0 and 14 vary from year to year. 
The proportions of races 26 and 52 are increasing. 
The most virulent races in the Martonvásár population are: 33, 46, 47, 48, 52, 53. 
Of the 38 races isolated 28 are less virulent and amount to 84.22% of the race populat ion. 
The 10 virulent races occur only in 15.78%. The virulent races were isolated 5.3 t imes less 
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Table 1 
Percentage distribution of the race spectrum 
I s o l a t e d races 
Years 
1970/71 1 9 7 1 / 7 2 1972/73 1973/74 1974 /75 
0 10.00 3.33 12.45 4.57 0.61 
l 0.66 0.83 
2 2.00 6.66 4.92 3.92 8.54 
3 14.00 2.66 8.30 5.88 
4 2.00 11.38 13.28 18.95 18.91 
5 8.00 3.99 0.83 
7 6.00 5.99 1.66 1.96 1.22 
8 0.61 
9 14.00 3.99 11.62 9.15 6.10 
10 3.92 0.61 
11 0.66 1.32 
13 4.00 5.99 6.56 3.92 1.83 
14 2.00 8.69 9.02 3.26 1.83 
15 4.67 1.22 
16 4.00 1.99 0.61 
17 0.66 0.83 
18 2.00 6.66 2.48 1.32 1.83 
19 2.66 
21 2.66 0.83 
22 0.66 
24 2.00 
26 2.00 9.99 5.74 10.45 25.61 
27 4.00 5.99 0.83 1.32 
28 0.66 1.32 
29 0.83 0.65 
30 1.66 0.65 
31 2.00 0.83 3.92 1.83 
32 4.00 1.33 1.66 1.32 10.36 
33 0.61 
35 8.00 1.32 1.83 
40 0.83 1.22 
43 0.61 
44 0.66 0.83 0.61 
46 10.00 2.66 1.66 0.65 2.43 
47 1.99 1.30 0.61 
48 1.33 2.61 
52 1.33 9.86 16.32 10.36 
53 1.66 
Number of pure cultures produced 50 150 121 153 164 
Number of isolated races 18 27 24 23 23 
Pure culture/race 2.77 5.55 5.04 6.65 7.13 
Race/pure culture 0.36 0.18 0.19 0.15 0.14 
frequently. There is thus a negative correlation between the virulence and distribution of t he 
races of wheat powdery mildew. VAN DER PLANK (1968) arrived at the same conclusion in 
the case of potato phytophthora and wheat stem rus t . 
The large number of isolated races can be explained primarily by the wide range of 
varieties from which the powdery mildew was collected. Owing to the great variation of host 
plants the variabil i ty of the pathogen is generally much higher in the breeders' test plots t h a n 
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Table 2 
Reactions of varieties in a test Sortiment to five new races of wheat powdery mildew 
T e s t Sort iment Res is tance factor 
R a c e s 
4 6 47 4 8 52 53 
Carsten V absent S S S s S 
Salzmünde st. 1444 ml r S s s S S 
Red Fern P m 2 S s s s S 
Axminster P m 1 S s R s S 
Halle st. 13 471 P m 2 + Mld R s S R R 
Weihenstephan MI. Mlf R R R R R 
Hope sei. p m 5 S R R R S 
Chul P m 3b S S S S R 
in commercial product ion where only a few varieties a re grown. A similar result was o b t a i n e d 
b y LEIJERSTAM (1965) and WOLFE (1967). At the s a m e t ime an increase in the pathogen r aces 
can be observed on Neuzucht , Avrora , Kavkaz, Bezos t aya 2 and the i r crossing progenies . 
In the course of the race identifications we f o u n d five which could no t be ident if ied on 
the basis of their react ion pa t t e rns in the test Sor t iment . These pure progeny lines gave t h e 
same type of reac t ion after repea ted examinations, therefore the possibil i ty of mixing w a s 
excluded. We sent the result of our work to Ilse Nover who classified t he isolates and f u r n i s h e d 
t h e m with the proper serial numbers (46, 47, 48, 52, 53). 
As may be seen from Table 2, races 46 and 47 a r e able to a t tack six of the eight va r ie t i e s 
of the test Sort iment, so they are t he most virulent of t he new races. Race 46 is character ized 
by avirulence to Halle st. 13 471 and virulence to t h e va r i e ty Hope. R a c e 47 displays j u s t t h e 
opposite behaviour . The other three races attack f ive varieties of the Sortiment each, t h a t is, 
they are avirulent to three variet ies. Of these var ie t ies , Weihenstephan MI is not a f f e c t e d 
by any of the races, Halle st. 13 471 and Hope are res is tant to two each (52, 53 and 48, 52, 
respectively), and Axminster and Chul to one each (48 and 53, respectively). 
Of the 638 pure cultures examined so far, r ace 53 was found in two (0.31%) a n d 47 
and 48 in six (0 .94%) cases. Race 46 appeared every year , though no t too frequently: o n a 
to ta l of 16 occasions (2.51%). Race 52 is of the greatest importance of all. I t was first i den t i f i ed 
in 1971/72 and occurred twice, t h u s having a 1 .32% share in the popula t ion of t h a t y e a r . 
I t s proportion increased, however, f r om year to y e a r ; it was isolated 12 times (9 .86%) in 
1972/73, 25 t imes (16.32%) in 1973/74 and 17 times (10 .36%) in 1974/75. Since all wheat va r i e -
ties grown in H u n g a r y are susceptible to race 52, it is potent ial ly possible for it to mul t ip ly . 
The process of race format ion is known, and deta i led race surveys continually d e m o n -
stra te new" races. I t is thus necessary to know the s tab i l i ty of the races . Furthermore, i t is 
impor tant to know how virulent and viable the new races are, whether t hey are able to su r -
vive after the vegeta t ion period (harves t ) until t he a u t u m n when the whea t comes u p , or 
unti l the next spring. If they are unable to survive, t h e problem is mere ly theoretical, b u t if 
they survive it assumes growing and breeding aspects a n d preventive measures must be t a k e n . 
The cons tancy of the range of races considerably influences t h e success of b r eed ing 
work. In our opinion the appearance of new races does n o t exclude the s tab i l i ty of those a l r e a d y 
in existence, because the lat ter can survive alongside t h e new races. At th i s point our op in ion 
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agrees with the s ta tement of VAN DER PLANK (1968) t ha t the appearance of the races is only 
one side of t he problem, while the i r viability and t h e selective effect are the other. 
* 
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A G R O N O M I C T R E A T M E N T S AND C H A N G E S IN T H E R H I Z O S P H E R E 
MYCOFLORA O F G R O U N D N U T 
I I . Effect of commercial fertilizers 
G r o u n d n u t (Arachis hypogaen L.) being a leguminous plant , is capable of f ix ing a tmos-
pheric ni t rogen through the root nodule bacteria . Bu t under the no rma l system of cu l t iva t ion 
where pods are removed and the plants are t a k e n out . the crop removes a re la t ively large 
amount of n u t r i e n t s from the soil (SHESHADRI 1962). A groundnut crop is, therefore, hound 
to be soil deple t ing , unless t he crop itself is d i r ec t ly manured w i t h N, P and К providing 
fertilizers. Since the soil microorganisms play a v e r y important role in determining soil fer-
tility. the use of fertilizers may exer t a direct in f luence on the soil fer t i l i ty through the i r effects 
on microfungi in the rhizosphere and soil of c rop plants . F.ffects of fertilizers on rhizosphere 
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and soil fungi of different crop plants have been reported (GUILLEMAT—MONTEGUT 1960, 
J O F F E 1963 , MISHRA 1967 , SUNAR— CHOUAN 1971) . 
In the present communication we set the aim of studying what quanti tat ive and quali-
ta t ive changes take place in the rhizosphere and soil mycoflora in plots of groundnut when 
they are amended with N, P and К providing fertilizers like urea, superphosphate, muriate 
of potash and mixed fertilizer NPK 9 : 9 : 5 . 
The experiment was carried out under field conditions in the University Botanic Garden 
on 1 0 x 1 0 m plots arranged in a randomized block design with 3 replicates. Fertilizers were 
applied 10 days before sowing at the following rates per hectare (KULKARNI et al. 1967): 
Urea 75 kg N, superphosphate - 200 kg P. muriate of potash — 100 kg К and mixed manure 
(9 : 9 : 5) — 40 N : 40 P : 25 K. 
T h e r h i z o s p h e r e m y c o f l o r a w a s s t u d i e d b y soil d i l u t i o n a n d t h e p l a t e c o u n t m e t h o d 
of TlMONlN (1940) u s i n g W a k s m a n ' s s y n t h e t i c ac id a g a r m e d i u m ( p H 4.5) a t a 15 d a y s ' i n t e r v a l 
f r o m t h e d a t e of s o w i n g t o h a r v e s t . O n e p l a n t w a s r e m o v e d f r o m e a c h r e p l i c a t e . T h e soil 
m y c o f l o r a w a s s t u d i e d b y t a k i n g soil s a m p l e s b e t w e e n t w o r o w s of t h e c r o p t o t h e d e p t h 
Table 1 
Number of fungi (103/g oven dry soil) in the rhizosphere of groundnut SB-11 
raised in the plots treated with commercial fertilizers 
Age of plants in d a y s 
r erti l izers 
15 :to 45 60 75 90 105 120 
Control 
R 8.46 13.70* 5.18 14.87 19.04** 20.26 24.79 6.03 
S 3.39 2.76 1.86 4.80 5.61 7.00 9.30 2.70 
R/S 2.5 4.6 2.8 3.0 3.4 2.9 2.7 2.3 
Urea 
R 24.30 56.41 67.00* 32.61 43.66 23.50 85.41** 90.83 
S 4.82 12.89 10.50 12.63 10.87 5.00 7.91 13.22 
R/S 5.0 4.5 6.4 2.5 4.0 4.8 10.8 6.9 
Superphosphate 
R 97.66 55.50* 35.00 29.00 40.91** 23.83 42.98 16.00 
S 8.70 7.50 10.50 21.00 14.95 16.00 15.81 7.49 
R/S 11.32 7.5 3.4 1.5 2.8 1.5 2.8 1.7 
Muriate of 
potash 
R 7.57 40.81* 22.00 30.66 23.96** 48.50 18.50 8.00 
s 4.66 12.25 11.00 13.31 7.50 7.00 5.00 8.00 
R/S 1.6 3.5 2.0 2.4 3.3 6.9 3.8 1.00 
NPK 9 : 9 : 5 
R 7.89 6.00 41.78* 42.28 18.25 31.50** 27.00 13.00 
S 4.84 4.00 11.84 15.00 11.49 7.00 9.03 9.50 
R/S 1.7 1.6 3.5 2.9 1.5 4.5 2.9 1.4 
* F l o w e r i n g p e r i o d s t a r t e d . ** m a t u r a t i o n p e r i o d s t a r t e d . 
4cta Agronomica Acaderniae Scienliarum Hungaricae 26, 1977 
Table 2 
Effect of commercial fertilizers on the frequency of occurrence of taxonomic groups of fungi in the rhizosphere (R) and soil (S) 
of groundnut SB-11 (expressed as total number of colonies in thousands during the entire period of growth) 
Taxonomic group 
Control Urea Superphosphate Muriate of potash N P K 9 : 9 : 5 
R S R S R S R S R s 
7 Phycomycetes 4.39 2.53 2.87 10.71 25.32 18.87 11.26 9.15 20.24 12.81 
3 Ascomycetes 0.22 0.12 0.26 
— — — 
0.41 1.75 4.99 0.50 
14 aspergilli 78.28 25.00 117.11 20.82 40.91 26.17 126.90 27.33 98.61 38.71 
6 penicilli 10.03 3.70 220.95 40.13 255.99 40.98 45.95 19.20 58.51 12.26 
4 fusaria 5.58 3.19 35.11 6.29 21.41 1.08 14.97 5.72 32.34 6.34 
14 other Deuteromycetes 6.25 1.94 2.25 3.24 0.25 1.45 0.77 0.50 1.26 0.26 
R rhizosphere, S — soil. 
Table 3 
Effect of commercial fertilizers on the frequency of occurrence of dominant fungal species in the rhizosphere (R) and soil (S) 
of groundnut SB-11 (expressed as total number of colonies in thousands during the entire period of growth) 
Species 
Control Urea Superpb osphate Muriate of potash N P K 9 : 9 : 5 
R s R S R S R s R S 
1. Rhizopus stolonifer 5.09 2.19 5.87 4.21 22.56 18.45 9.34 7.40 19.36 12.00 
2. Aspergillus aculeatus 4.87 3.37 8.76 3.13 0.50 0.25 6.33 1.25 4.78 2.00 
3. A. carbonarius 66.83 26.66 22.42 5.19 14.16 11.61 34.15 9.35 39.16 13.11 
4. A. flavus 4.73 0.53 6.00 1.13 1.75 0.50 9.75 1.00 17.49 3.75 
5. A. fumigatus (strain I) 3.42 2.82 72.41 1.38 14.00 11.85 73.85 10.90 24.86 10.00 
6. Pénicillium funiculosum (strain I) 9.23 3.22 150.12 34.22 254.20 48.90 36.34 18.05 48.51 10.95 
7. Fusarium oxysporum 2.56 1.03 53.73 3.71 12.50 0.25 6.99 0.82 5.25 0.68 
8. F. semitectum 0.30 
— 
12.26 2.33 8.91 0.83 8.08 3.90 24.09 5.04 
R rhizosphere, S — soil. 
Table 4 
Effect of commercial fertilizers on the frequency of occurrence of rare fungal species in the rhizosphere (K) and soil (S) 
of groundnut SB-11 (expressed as total number of colonies in thousands during the entire period of growth) 
Species 
Control Ur a Superphosphate Muriate of potash INI'K 9 : 9 : 5 
R S R S R S R S R S 
1. Ahsidia corymhifera 0.10 
2. Cunninghamella echinulata 
— 
0.81 
3. Mortierella sp. 0.07 
4. Phytophthorn marathuadensis 0.12 — 
5. P. rubra 1.13 0.17 — — 1.52 1.25 




Chaetomium longirostrae 0.22 0.07 
0.26 0.41 1.75 2.85 
9. Pénicillium brefeldianum 2.14 0.50 
10. Aspergillus asperescens — 1.83 1.00 0.50 1.00 2.06 
11. A. fumigatus (strain 11) 0.82 0.50 - 0.16 1.50 0.50 1.50 — — 





13. A. kanagaivacnsis 1.00 — — 0.50 — 1.21 «S? 
14. A. niger 1.30 2.61 2.67 2.88 3.75 0.25 1.49 1.25 3.71 5.51 
15. A. pelrakii — 0.35 — — i — — =a 
16. A. sclerotiorum 0.51 — — — 
17. A. sulphureus 0.38 — 1.70 0.66 — 
18. A. terreus 3.2(1 1.54 3.35 2.46 8.25 5.41 1.83 0.50 
19. A. list us 0.22 0.61 
20. Chaetomella raphigera 0.12 0.05 — 
21. Cladosporium oxysporum — 0.30 
12. Curvularia lunata 0.20 — — 0.25 
23. Fusarium solani 4.42 1.33 — — 
24. F. moniliforme 0.44 0.22 1.50 0.25 
25. Helminthosporium tetramera 0.78 0.31 — 
26. Hormiscium bruennesporium — 0.66 
27. Macrophoma minuta 0.25 — — 
28. Paecilomyces varioti — — 0.50 1.50 
29. P. fusisporus — 0.14 
30. Pen ici II iu m ch arles i i 0.22 0.14 
31. P. duclauxi 0.50 5.00 
32. P. varions 0.14 0.27 — 
33. P. verruculosum 0.44 0.33 
34. /'. vineceum 0.07 
35. Pestalotiopsis versicolor 1.33 
36. Pullularia pullulans 0.10 0.25 
37. Rhizoctonia bataticola 0.20 0.14 
38. R. solani — 0.25 
39. Trichoderma lignorum 4.56 0.19 1.75 





















R — rhizosphere, S soil. 
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of 15 cm in sterile Petri dishes. Observations for rhizoplane fungi were made by the serial root 
washing technique of HARLEY WAID (1955). The data was subjected to the two-way analysis 
of variance to test significance. 
Quantitative effects. Use of commercial fertilizers increased the fungal populat ion in 
the rhizosphere of groundnut throughout the growth period. The increase was in the order 
of N > P > К > NPK. Higher counts of fungi were recorded in the rhizosphere at the time 
of flowering and the maturation period. In soil there was a highly significant effect (P < 0.01 
per cent F . 6.882) on the mycofloral population due to use of fertilizers. The highest rhizosphere 
effects (R/S ratio) were obtained a t various periods of growth with different fertilizer t rea tments 
(Table 1). 
Qualitative effects. A total of 48 species of fungi belonging to 22 genera were recorded 
during the entire experiment. The number of species was reduced in both the rhizosphere and 
soil due to the treatment of the soil with fertilizers (rhizosphere control —30, N and P—17, 
К and N P K — 1 8 ; soil control 29, N—20, P—14, K - 1 7 , NPK—16 species). 
Effect on the distribution of taxonomic groups. 14 species of aspergilli, 6 species of penicilli, 
14 species of Deuteromycetes, 4 species of fusaria , 7 species of Phycomycetes and 3 species of 
Ascomyceles were isolated (Table 2). It was observed that aspergilli were dominant both in 
the rhizosphere and soil of groundnut grown in the plots treated for К and NPK while peni-
cilli for N and P. All the groups of fungi except Deuteromycetes were increased considerably 
in both the rhizosphere and soil with the increase of N, P, К and N P K in soil. The group of 
Ascomycetes was increased only in the rhizosphere of NPK treated plots. 
Effect on the distribution of dominant fungal species. Species tha t showed a population 
more than f ive thousand per gram of rhizosphere soil were considered to be dominant species 
(a population of 5000 represented about 5 per cent of the highest number recorded a t a time 
of estimation). Of the 8 species of dominant fungi from the rhizosphere and soil, some were 
increased in their counts by the use of fertilizers whereas others were unaffected, reduced or 
apparently absent (Table 3). The following changes were noted according to the response of 
the species to fertilizers. 
1. The species increased in their counts wi th the use of N, P , К and N P K providing 
fertilizers in bo th the rhizosphere and soil: Pénicillium funiculosum (str. 1), Rhizopus stolonifer, 
Aspergillus fumigatus (str. 1), A. flavus, Fusarium semitectum. 
2. The species decreased in its counts with the use of N, P, К and NPK providing ferti-
lizers in bo th the rhizosphere and soil: A. carbonarius. 
3. The species increased in its counts wi th the increase N, P, К and NPK in the rhi-
zosphere only: F. oxysporum. 
4. A. aculeatus was increased in the rhizosphere of groundnut grown in the plots treated 
for N and K . 
Effect on the distribution of rare fungal species. Amongst the rare fungi A. niger and 
A. terreus were more or less unaffected, Trichoderma lognorum was reduced, while Chaetomium 
longirostrae, Cladosporium oxysporum, Curvularia lunata, Chaetomella raphigera, F. solani, 
Mortierella sp., Phytophthora maratliivadensis, P. charlesii and Rhizoctonia bataticola were 
not isolated f rom the rhizosphere or soil of p lan ts raised in fertilized soil (Table 4). 
Effect of the rhizoplane rnycoflora. A total of 15 species of fungi were isolated f rom the 
rhizoplane of groundnut raised in plots treated wi th fertilizers. Of these, 9 were isolated from 
non-fertilized control, 11 from N, 9 from P, 8 f rom К and 6 from N P K provided plots. Rhizopus 
stolonifer, A. carbonarius, A. fumigatus (str. 1), A. niger, F. oxysporum and F. semitectum were 
present on the rhizoplane of the plants raised in plots treated with all fertilizers, while A. terreus 
and F. moniliformae were present only in plots t rea ted with N providing fertilizer. Trichoderma 
lignorum was present oil the rhizoplane of plants raised in non-fertilized control plots and plots 
fertilized for N only. 
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Amendments to soil with commercial fertilizer resulted in m a n y changes in the rhizo-
sphere mycoflora of groundnut. Urea and superphosphate increased the rhizosphere effect but 
not muriate of potash or N P K mixture. KATZNELSON (1965) stated tha t the effects of soil 
amendments on microflora are unpredictable. Due to the rhizosphere effect the microbial 
population may increase (DAVEY—PAPAVIZAS 1960, MISHRA 1967) or decrease in number 
(CLARK 1939) or may be unaffected (VOROSHILOVA 1956). Increased rhizosphere effect in amend-
ed soil may be due to greater vigour of the plants resulting in more secretions from the roots. 
A decrease in the number of individual species isolated was found in the rhizosphere 
and soil due to the fertilizers a l though the total populat ion of fungi was higher. It is probable 
tha t there is preferential s t imulation of certain fungi in the rhizosphere while certain others 
might be suppressed. Selective st imulation of certain fungi in the rhizosphere had been reported 
by DAVEY—PAPAVIZAS (1960). Populations of individual fungal species were markedly influ-
enced by the t rea tments given to soil or to the g roundnut plants. Increase or decrease or even 
apparent elimination of certain species was recorded. P. funiculosum (str. 1), R. stolonifer, 
A.flavus, A. fumigatus (str. 1) and F. semitestum were increased in their number by the ferti-
lizers in the rhizosphere as well as in the soil while F. oxysporum increased only in the rhizo-
sphere. A. carbonarius was decreased in its number in all the fertilizer amendments. Both 
stimulatory and inhibitory effects were noticed by different workers as a result of mineral 
f e r t i l i z a t i o n o f s o i l (GUILLEMAT— MONTEGUT 1 9 6 0 , J O F F E 1963, MISHRA 1967) . I t is p o s s i b l e 
tha t increased competition is responsible for the reduct ion of A. carbonarius. 
The fungi isolated from root surfaces were those normally encountered in the rhi-
zosphere. A. carbonarius, A. niger, R. stolonifer and F. semitectum were present in most of 
the treatments. The other 11 species were recorded in various fertilizer treatments bu t their 
occurrence was mostly sporadic. I t can be concluded t h a t a study of rhizoplane organism can 
serve as an indicator of the rhizosphere effect in groundnut . This is in agreement wi th the 
opinion originally expressed by CLARK (1949). Rhizoctonia bataticola was isolated more fre-
quently only f rom the rhizoplane of plants grown in the plots treated wi th urea. The problem 
of whether this potential plant pathogen contributes to the disease development in p lants 
grown in urea t reated plots, needs fur ther investigation. 
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S E X E X P R E S S I O N O F T H E P L U M V A R I E T Y - B E S Z T E R C E I S Z I L V A " 
B Y F R U I T R E G U L A T I N G C H E M I C A L S 
According to SCHUMACHER (1965) plum is one of the species most inclined to a l ternat ion 
among the temperate tree fruits. The researchers t ry to influence th is undesired proper ty by 
primary (fruit bud differentiation) and secondary (thinning of f lower and fruit pr imordia , 
stimulation of setting) fruit regulation. Although f rom a physiological point of view pr imary 
regulation seems to be more favourable, the secondary methods still play a more impor-
t an t role. 
Unfortunately, during the frui t thinning experiments no sufficient attention is paid in 
many cases to the after-effects, although the analysis of one-year results (year of the t r ea tmen t ) 
does not make it possible to point out consequences unfavourable in t he long run, e.g. the spon-
taneity of f rui t production does not even decrease after the t r ea tment (!) Large yields must 
be fought against because they decrease — sometimes to a harmful extent - the function 
of the sex organs in perennial plants producing repeatedly (LENZ 1970) and once a year, 
respectively; the effect is shown in the atrophy of the pistils or their increased fer t i l i ty . 
The histological aspects of the plum carpel have been dealt wi th by many (STERLING 
1953, 1964, SCHÄPPI 1951, MELVILLE 1962), while the androecium was studied mainly by 
HASKELL DOW (1955); this research w as continued by MORRISON (1964) who pointed ou t that 
the genetic properties of the plum varieties determined the stamen number in spite of the 
modifying effect of the environmental factors. There is a difference in the number of s tamina 
between the diploid and tetraploid varieties. 
The generative character of flower buds in plum is of varying measure. The degree of 
regression of the hypsophyll show s the generative ef fect. We have recent results corresponding 
to the data of pistil, stamina, twin flowers and rudimental organs JHASSUB 1966). There is a 
correlation demonstrable by the varieties "Besztercei szilva" and "Jeruzsálemi kék" between 
shoot and flower organization (SURÁNYI 1971a), and important practical conclusions can be 
drawn from the teratomes (SURÁNYI 1972). 
TÓTH (1967) studied the fertilization conditions of 52 p lum varieties. Knowing his 
results we tried to supply da ta giving evidence of self-fertility f r o m a physiological aspect. 
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on the basis of the flower structure. The quotients (stamen number per unit pistil length) 
of the Prunoideae species significantly differ (SURÁNYI 1971b). 
The negative correlation of the gynoecium and androecium remarkably differs in the 
case of self-fertile and self-sterile varieties, namely, in self-fertile Prunus varieties changes in 
the pistil size modify the stamen number to a greater extent than in the case of self-sterile 
varieties. In a mathematical sense, the regression coefficient (b) of the self-fertile varieties is 
more than sixfold of that of the self-sterile ones (SURÁNYI 1973). 
Most of the fruit thinning chemicals are of auxin action, so the effect of fruit regulating 
treatments on flower organization can be best studied by investigations into the gynoecium. 
This is important, since it is from rudimental and low function pistils t h a t conclusions on the 
poor fruit yield can be best drawn, even if the intensity of flow ering is high. The calyx — gynoe-
cium —• corolla — androecium succession of decreasing "vegetative charac ter" (RESENDE 1967) 
supports our theory. Our present paper contributes to the experimental evidences of this 
supposition. 
Treatments w ith 36 and 72 ppm Pomonit (potassium salt of alpha-uaphthyl acetic acid). 
60 and 120 ppm Amid-thin (amide of alpha-naphthyl acetic acid), 1000 and 2000 ppm Sevin 
( l -naphtyl-N-mehthyl carbamate), as well as control t rea tments were performed in 1971 with 
sixteen years old "Besztercei szilva" plum trees. On the day of the t rea tment (14 May) and 
a month later the frui t primordia on two shoots of each tree were counted; replication was 
three per t rea tment . Fruit yield per tree in the year of the treatment and in the next season 
was also recorded. 
On two days (21 and 28 April) in 1972 the trees were treated with 36, 54 and 72 p p m 
concentrations of Pomonit, with eight replications per treatment. Similarly to the previous 
year 's experiment the one month f ru i t setting percentage as well as the frui t yields of the cur-
rent and subsequent year wire measured. 
In connection with the experiments some ecological factors are worth being mentioned 
too. In 1971 the maximum te mperature was 26.5°C, the minimum 12.0°C, the relative humidi ty 
49.0 per cent: the meteorological da ta of the pentades preceding and following the t rea tment 
did not essentially deviate frcm the values cn the day of the t reatment . The maximum and 
minimum temperature values of 21.5°C and 14.0°C on 21st April, and 7.0°C on 28th April, 
respectively, in 1972 show substantially different climatic conditions. Correspondingly, the 
relative humidity rose to 89.4 per cent on 28th April compared to the 61.4 per cent value of 
21st April. 
In the years following the t rea tments - 1972 and 1973 — flower samples consisting of 
100 flowers per t rea tment were collected from the trees of each t reatment at the time of full 
blossoming, according to our former method (SURÁNYI 1971b). The averages of two data per 
t reatment were used in the calculations, so the analysis of variance calculations were carried 
out with 7 X 50 factors in both years. 
We measured (on 12 April 1972 and 25 April 1973) the length of the pistil, the functional 
stamina and the staminodia, and f rom this obtained the total number of stamina. On the day 
of measuring we counted the isolated flowers on one shoot of each of 3 (1971) and 8 (1972) 
trees per t reatment in order to determine the degree of self-fertility. A month later we repeatedly 
counted the fruit primordia. 
Correlations were found between the pistil size and the number of functional s tamina, 
the pistil length and the phylloid stamina as well as between the quotient and the selfing 
percentage. The quotient is the number of functional s tamina per unit pistil length, which is 
a specific self-fertility index for the subfamily Prunoideae. 
Effect of fruit thinning chemicals on the yield of the trees. Demonstrable thinning in 
1971 was only at ta ined with higher concentrations of Pomonit and Amid-thin. It is not likely 
that it was the consequence of the heterogeneity of the stand, since the size and major pheno-
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phases of the sixteen years old "Besztercei" trees showed a great homogeneity. There was no 
unambiguous correlation between the yield a m o u n t and the sett ing percentage, suggesting 
that one or two shoots per tree did not sufficiently represent the thinning. 
In the year following the t reatment (it was a year with a spontaneous large yield) the 
fruit yield of trees treated with Pomonit of 72 p p m was very high. In comparison wi th 1971 
the yield was large in the other treatments too ; the lowest degree of alternation, i.e. BBI-
index (SCHUMACHER 1965) was shown by the control (3.47 per cent), while Pomonit a t 72 ppm 
resulted in the highest degree of periodicity (60.96 per cent). All this supports our opinion 
expressed in the introduction t h a t the fruit th inning chemicals and technologies cannot he 
evaluated on the basis of a single year's results, the observations should be carried on over 
several years (on after-effects a t least in two successive years). 
The experiment performed in 1972 resulted in a much better thinning; as a whole the 
second date proved to be more favourable. Of the treatments performed on 21st April the 
54 ppm Pomoni t while of those made on 28th April the 36 ppm Pomonit was the most effective. 
Larger yield in 1973 was only obtained as a consequence of 54 ppm Pomonit applied on 21st 
April, t h a t is alternation was not unambiguously decreased in this experiment (Table 1). 
After-effects of fruit regulators: their role in the fjower organization. In some respects 
our investigations into the flower organs helped in detecting the causes of our inconsequent 
results. A detailed analysis of the stamen number revealed that in 1972 as an after-effect of 
Pomonit applied at 72 ppm staminodia occurred more frequently, so the functional stamina 
were less in the flowers. In accordance with this, on the other hand, the pistil became larger, 
thus the value of the quotient was lower compared to the control. The opposite response was 
observed due to treatments with 60 ppm Amid-thin. The self-fertility percentage in each 
treatment was lower than in the flowers of un t rea ted trees, which is in connection with the 
intensity of flowering. Owing to an increase in the number of flowers per tree (Pomonit : 
2-fold, Amid- thin: 1.5-fold and Sevin: 0.5-fold) the self-fertile capacity decreased (Table 2). 
As on the basis of our previous year's results we rightly expected that Pomonit would 
he effective, we only used this chemical in 1972. The necessity of an after-effect analysis is 
proved by the second half of Table 2. Namely, an increased thinning in years of large yields 
does not fail to make its effect felt in the subsequent year: the larger dose of Pomonit applied 
at both t imes resulted in stronger, better funct ioning flowers. In this sense self-fertility was 
best improved by the 54 ppm Pomonit used on 21st April and the 36 ppm Pomonit applied 
on 28th April. In the former case it was realized in the per tree f rui t yield too. According to 
our investigations made on 25th April 1973 Pomoni t as a synthetic preparation of auxin 
action was able to influence to a considerable ex ten t the sex correlation (first of all at a con-
centration of 72 ppm); the gynoecium strengthened at the expense of the androecium. The 
ensuing change proved to be favourable unlike af ter the t reatments of 1971. 
III bo th cases a very close sex correlation was pointed out between the pistil size and 
the number of functional s tamina. The increase of the pistil size can only be imagined with 
a simultaneous decrease in the number of funct ional stamina ( + 0.2561 and +0.2296) . An 
acceptable correlation was found between the averages of s tamen number per un i t pistil 
length and of self-fertility percentage in 7 t r ea tmen t s of each of the years 1971 and 1972; 
that is, even with a simple morphological examinat ion, data can be obtained concerning the 
extent of self-fertility (Table 3 and Fig. 1). 
The p lum as a fruit species of periodical production requires the decrease of irregular 
yields. For tunate ly , a number of chemicals have been successfully used in decreasing the 
overabundant setting, but as to their after-effects these chemicals differ from each other. 
Some impor tan t compounds are: alpha-naphthyl acetic acid, 1-naphthyl-N-methyl carbamate 
and 3-chlorophenoxy acetic acid. 
According to WERTHEIM (1965, 1966) the 0.2 per cent solution of Geramid neu (NAd) 
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Table 1 
Effects of fruit-thinning chemicals on fruit setting and yield per tree 
Yield 
Treatment 
Fruit set t ing 
af ter a month , 
% 
in t h e year 
o f t rea tment 
in t h e s u b -
s e q u e n t y e a r 
kg/tree 
1971 
Pomonit 36 ppm 69.5 50* 164.7** 
Pomonit 72 ppm 54.7* 72 146.7° 
Amid-thin 60 ppm 86.2 36** 97.3 
Amid-thin 120 ppm 62.5° 84 105.7 
Sevin 1000 ppm 74.3 88 101.0 
Sevin 2000 ppm 77.1 80 60.0 
Control 89.9 100 96.7 
L.S.D. 5% 29.73 41.25 
1972 
56.32 
Pomonit 36 ppm, 1 45.2*** 153 24.4 
Pomonit 54 ppm, 1 46.0*** 108° 41.1* 
Pomonit 72 ppm, 1 46.0*** 117 16.2 
Control 71.9 139 19.0 
Pomonit 36 ppm, 2 46.2** 101* 18.6 
Pomonit 54 ppm, 2 47.4** 127 26.6 
Pomonit 72 ppm, 2 46.8** 126 24.2 
L.S.D. 5% 15.62 31.45 19.81 
Treatments: 14 May 1971: Length of fruits: 4.65 mm 
21 April 1972: Length of fruits: 2.68 mm (1) 
28 April 1972: Length of fruits: 6.33 mm (2) 
О P 1 0 % 
* 
P 5 % 
* * 
P = 1 % 
* * * 
P = 0 . 1 % 
applied at the time of flowering has a good thinning effect, though the susceptibility of the 
varieties is different. Indian researchers made at tempts with 15 types of t reatments of which 
the best results were obtained with the above listed chemicals (SINGH 1961, SINGH— BAJWA 
1964, BAJWA—SINGH 1970). BEUTEL (1969) attained favourable results with 3 —CP tvhen 
applied in a dose of 100—150 ppm at the end of flowering. The experiences gained with Sevin 
are inconsistent; some authors found it ineffective (SLETTEN 1966, WERTHEIM 1965, 1966), 
but KARDUX (1964) reported oil unambiguous intensive thinning. Still the use of Sevin is 
not recommended, because our several years ' unpublished data reveal t h a t it inhibits the nex t 
year's flower hud formation. All this is clearly seen in the three years' accumulated fruit yield. 
The results of the present publication just ify our expectations concerning Pomonit . 
The yield shows a favourable trend, and the balanced production spares the trees, especially 
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T a b l e 2 
After-effects of fruit-thinning treatments on sexual organs and self-fertility in the plum 
variety "Besztercei" 
T r e a t m e n t 
Stamina, % P i s t i l 
l e n g t h . 
Quotient, Se l f - fert i l i ty , 
T o t a l Staminodia Funct ional 
pr mm °/o 
1972 
Pomonit 36 ppm 21.60 1.52 20.08 15.28* 1.31 45.2 
Pomonit 72 ppm 21.28 2.47° 18.81° 15.50** 1.21** 46.0 
Amid-thin 60 ppm 21.80 0.80* 21.00* 15.08 1.39° 40.0 
Amid-thiu 120 ppm 21.12 2.12 19.00 14.38° 1.32 60.3 
Sevin 1000 ppm 21.26 2.17 19.09 14.15* 1.34 46.2 
Se vi it 2000 ppm 21.13 2.13 19.00 14.61 1.30 47.4 
Control 21.40 1.78 19.59 14.77 1.32 46.8 
L.S.D. 5% 0.78 0.85 1.08 
1973 
0.44 0.08 
Pomonit 36 ppm. 1 21.04° 2.16*** 18.88*** 13.56 1.39*** 50.1 
Pomonit 54 ppm, 1 20.64* 1.12*** 19.52*** 13.96 1.40*** 53.7 
Pomonit 72 ppm, 1 21.48 6.92* 14.56** 14.12° 1.03** 41.9 
Control 22.24 5.96 16.28 13.80 1.18 42.7 
Pomonit 36 ppm, 2 20.60* 2.08*** 18.56*** 13.84 1.34** 52.8 
Pomonit 54 ppm, 2 20.80* 2.80*** 18.00** 13.32° 1.35** 39.9 
Pomonit 72 ppm. 2 21.60 6.64° 14.96* 14.12 1.05** 37.4 
L.S.D. 5°0 1.31 0.96 1.22 0.31 0.09 
— 
0
 P = 10",, 
* P = 5 % 
** P = 1% 
*** p = 0.1% 
T a b l e 3 
Results of correlation calculations from after-effects of fruit-thinning treatments 
Relat ionship b e t w e e n Year r -value p % 
Pistil length and functional stamina 1972 0.3081 1 
1973 -0.2344 2 
Pistil length and staminodia 1972 0.2561 2 
1973 + 0.2296 5 
(Quotient and self-fertility (see Fig. 2) 1972 1973 + 0.5020 10 
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the older ones. In spite of this the actual results sometimes do not meet our expectations. This 
may have two causes: 1. t rea tment was carried out in a year of low production (and upse t the 
production balance so much the more); 2. as an effect of the t r ea tments the intensive flower 
formation compensates the setting. 
In an earlier paper we already mentioned the possibility of preventing the failure of 
setting in f ru i t varieties of low fertility by applying chemical t r e a t m e n t at the t ime of frui t 
hud differentiation (SURÁNYI 1973). The same holds t rue in the case of high fertility self-fertile 
varieties too, as after years of large and small yield, respectively, we can never obtain the same 
setting percentage. 
Apar t f rom their efficiency the chemicals of auxin action are favourable because they 
are able to act directly on the sexual zones, namely on the gynoecium. After all, it is not so 
important to attain intensive flowering in the year following the t rea tment as to increase 
the fertili ty of flowers. And f rom the point of view of fruit growing it is of vital importance 
that the pistils should be fertile, because the producers are able to eliminate the deficiencies 
of the s tamina by variety combination, but flowers with rudimental pistils exclude even the 
possibility of fruit setting. 
Fig. 1. The pistil length and functional stamina of the plum variety "Besztercei szi lva" in a 
space diagram (n = 700. 1972 and 1973) 
Self fertility 
Fig. 2. Relationship between sexual quotient and self-fertility on "Besztercei szi lva" trees 
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With the earlier recognized sex correlation we succeeded in f inding the cause of the 
difference between the results of 1972 and 1973. The potassium salt of alpha-naphthyl acetic 
acid increased the number of s taminodia in both years , at the same t ime the pistils became 
larger. On the o the r hand, the similar results of the two years meant different final results: 
in 1972 the dominance of the gynoecium was stronger than desired, so the self-fertile capaci ty 
decreased; in 1973 a change of the same tendency proved favourable, because the t rea tments 
after an overstrain caused by the previous year's large yield - promoted the development 
of more viable pistils, and the ex ten t of self-fertility increased. 
This may be the way to exercise by chemicals — even if to a limited extent - an effect 
on sex expression equivalent to the environmental factors (RCHLAND 1967); this means, in 
fac t , the systematic exploitation of the genetically loosely determined sexuality of p lants 
taking the aspects of cultivation and economy into consideration (PORPÁCZY et al. 1964) 
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RUMINAI. VOLATILE FATTY ACID CONCENTRATION I N GROWING LAMBS 
AS AFFECTED BY THF. LEVEL OF DIETARY P R O T E I N 
Volatile f a t t y acids (VFA) constitute the major source of energy to the ruminan t . 
Various levels of VFA in the rumen liquor were obtained under the effect of different levels 
and types of dietary protein. I t has been suggested tha t there is a relationship between the 
concentration of rumen VFA and the performance of animals consuming different rat ions 
(ELLIOTT et al. 1 9 6 5 , JLHÁSZ 1 9 6 5 , CLINE et al. 1 9 6 6 a n d WEISS et al. 1967) . 
This experiment was designed to study the effect of different levels of dietary protein 
on the total concentration and proportional rumen VFA in growing lambs. Gains in the body 
weight of lambs have been reported in an earlier work (MAHMOUD 1972). 
Animals used previously were used in this experiment under the same nutritional aspects 
(MAHMOUD 1972). Four groups of Hungarian Merino lambs were fed on four different levels 
of dietary protein (13.8, 16.5, 19.5 and 23.5%) respectively (MAHMOUD 1972). 
Rumen liquor was taken by a polythene forestomach tube ( Ja r re t fistale) for VFA 
determination. The samples were taken three times through the whole experiment at intervals 
of 45, 86 and 143 days. Every time the samples were collected before feeding, and 3 and 6 hours 
after feeding. The method of STOORY- MILLARD (1965) for the determinat ion of s team VFA 
in rumen liquor w as used in the present work using Chrom 3 IKZ (CSSR) gas-chromatography 
apparatus with f lame ionization detector. 
Mean concentration of VFA in rumen liquor for the different groups is shown in 
Table 1. There was a trend for the VFA concentration to decrease b y increasing the level of 
dietary protein. After 86 days' feeding the highest mean concentration (niM/L) was found in 
the 1st group (70.9) followed by the 2nd one (60.2) and the lowest concentrations were found 
in the 3rd (55.6) and 4th groups (55.5). It has been reported t h a t the concentration of 
acetic, propionic, butyric plus higher acids and to ta l acids in the r u m e n of cows was greatest 
at the medium level of protein intake compared with the low and high levels. We have con-
firmed these findings in our experiments on lambs because the differences in VFA concentration 
between the different groups was found to he significant after 45 days ' feeding (p 0.01) and 
after 86 days' feeding (p <7 0.05) but the differences were not significant after 143 days ' feeding 
(Table 4). 
In this s tudy the molar per cents of the individual acids for the f i rs t group at 20 weeks 
of age were 53.6; 27.9; 15.7; 1.9 and 0.8; while at 25 weeks it was 46.3; 35.7; 14.9; 0.0 and 3.0 
for acetic, propionic, butyric, isovaleric and valeric acid respectively (Table 2). It has been 
stated that at 17 weeks of age this molar per cent was 54.1, 26.7, 16.1, 1.1 and 1.3,respec-
tively. The concentration and molar per cent of ruminai VFA are influenced by the com-
position and physical form of the diet. The higher levels of propionic acids obtained a t the 
expense of acetic acid were due to the concentrated rations in this experiment . 
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Table 1 
Mean concentration of total volatile fatty acids in rumen liquor for different 
groups* (mM/L) 
Feeding t i m e 
Groups 
1 2 3 4 
45 days 52.3+3.18** 50.9+2.57 33.3+0.75 34.8+3.69 
86 days 70 .9+1.56 60.2 + 4.21 55.6+4.19 55.5+2.88 
143 days 
— 
70.1 + 5.82 55.9+8.48 59.5+6.51 
* Mean of th ree animals, a v e r a g e of two determinat ions 3 and 6 hours after feeding for 
each animal. 
** S tandard error. 
Table 2 
Mean molar per cent of individual volatile fatty acids in rumen liquor for different 
groups* 
Feeding t i m e VFA 
45 days 86 d a y s 143 days 
C, c 3 n-C, 
iso- 11-




t 5 C5 C„ 
Group 1 53.6 27.9 15.7 1.9 0.8 46.3 35.7 14.9 0.0 3.0 
Group 2 47.6 39.3 10.9 0.0 2.3 48.5 35.7 14.2 0.0 3.5 40.0 43.8 14.5 0.0 1.4 
Group 3 51.3 32.4 16.3 0.0 0.0 50.4 31.3 13.7 1.6 3.7 47.5 39.3 10.0 1.6 2.4 
Group 4 60.2 23.6 15.7 0.6 0.9 52.7 24.9 20.3 0.9 1.6 48.1 32.1 18.8 0.0 1.7 
* Mean of th ree animals, t w o estimations were determined for each animal, 3 a n d 6 
hours after feeding. 
Table 3 
Mean ratio of C2/C3 and C2/C4 in rumen liquor for different groups* 
F e e d i n g t i m e 
Groups 
1 2 3 4 
45 days С„/С3 
c 2 / c 4 
86 days Co/C4 
c l / c 4 
143 days C,/C3 
c : / c 4 
1.98 + 0.36** 
3.75 + 0.98 
1.30 + 0.04 
3.18 + 0.32 
1.24 + 0.08 
4.43 + 0.17 
1.49 + 0.64 
3.45 + 0.17 
0.92 + 0.02 
3.03 + 0.50 
1.62 + 0.14 
3.22 + 0.27 
1.67 + 0.19 
3.71 + 0.14 
1.53 + 0.68 
4.72 + 0.24 
2.56 + 0.10 
3.99 + 0.13 
2.16 + 0.08 
2 .59 r 0 .10 
1.55 + 0.22 
2.66 + 0.31 
* Mean of three animals, ave rage of two de te rmina t ions 3 a n d 6 hours after feeding for 
each animal. 
** S t anda rd error. 
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Table 4 
Analysis of variance of ruminal VF A data 
Feeding t i m e 
Source of 
var iat ion D . F . 
Tota l V F A 
Mean square 
C , / C , c2/c, 
45 days Groups 3 105.54** 0.9469* 0.756 
Error 8 5.35 0.1262 0.813 
Total 11 — — — 
86 days Groups 3 55.96* 0.4097 0.680* 
Error 8 11.97 0.0757 0.124 
Total 11 — — — 
143 days Groups 3 60.41 0.3826 3.620* 
Error 6 52.89 0.5084 0.410 
Total 9 
— — — 
* p < 0 . 0 5 
** p < 0.01 
The acetic/propionic acid ratio (C2/C3) was found to be lower in those groups which 
received the lower levels of protein while it was higher in those groups which received the 
higher levels of protein (Table 3). At 86 days ' feeding signif icant differences in C2/C3 were only 
found (pcO.Ol ) between the first and fou r th groups and be tween the second a n d four th groups' 
(Table 4). Higher growth ra tes were ob ta ined in the first and second groups compared with the 
fou r th group and this means tha t the higher growth rate coincided with a lower C2/C3. Similar 
r e s u l t s w e r e o b t a i n e d b y ENSOR et al. ( 1 9 5 9 ) , MATRONE et al. ( 1 9 6 5 ) a n d W E I S S et al. ( 1 9 6 7 ) . 
I t was found previously (MAHMOUD 1973) tha t the d ry m a t t e r digestibili ty was decreased 
with increasing nitrogen intake. TOOPS—ELLIOTT (1964) f o u n d tha t organic m a t t e r digesti-
bility was inversely re la ted to the propor t ion of acetic acid. Other au thors also indicated 
t ha t the infusion of acetic acid was associated with a s ignif icant reduct ion in dry mat ter 
digestibili ty. This could be explained as referred by Blax te r (cited by LEWIS 1961) on the 
bases t h a t the calorimetric efficiency of acetic acid was 59 .2%, while of propionic acid was 
86.5%. I t was generally accepted tha t p ropiona te is a precursor of sugar. Moreover, MCDONALD 
(1969) s ta ted tha t , in ruminan t s , the ut i l izat ion of acetate as a source of energy was less effi-
cient than tha t of glucose. 
As shown in Tables 1 and 2 it seems t h a t w ith higher levels of VFA concent ra t ions higher 
percentages of propionic acid were also found . These results agree fairly well wi th those reported 
by other authors . BALCH—RODLAND (1957) reported t h a t a t low ratios of acetic to pro-
pionic acid a rapid product ion of f a t t y acids coincided w i t h a reduced buf fe r ing capacity of 
the r u m e n liquor. They suggested t ha t h ighly acid condit ions encourage the proliferation of 
organisms producing a lower proportion of acetic acid. 
A t rend for increasing the butyric acid concentration wi th increasing the level of protein 
was only found in the f o u r t h group (Table 2). I t seems t h a t only in the case of a very high 
level of protein does the concentration of butyr ic acid increase and the acet ic /butyr ic acid 
rat io (Сз/С^) decrease (Tables 3 and 4). 
The isovaleric acid and also traces of isobutyric acid were, generally, f o u n d only before 
feeding bu t not after feeding. In general, valer ic acid was de tec ted in ruinen l iquor af ter feeding 
while only traces were found before feedings (Figs 1 and 2). CLINE et al. (1966) found tha t the 
addit ion of isobutyric, isovaleric and valer ic acids had a beneficial effect on digestion and 
nitrogen retention. 
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b a s a l l i ne 
v o l u m e o f s a m p l e 20 / i l 
s e n s i t i v i t y 1 : 5 
f s t a r t 
Fig. 1. Chromatogram of V F A in rumen liquor of lamb (No. 25: group 1) before eating (45 days' 
feeding); 1. acetic acid, 2. propionic acid, 3. i and n butyric acid, 4. i valeric acid, 5. ri valeric 
acid 
/ 
v o l u m e of s a m p l e 2 0 / i t 
s e n s i t i v i t y I : 5 
Fig. 2. Chromatograin of VFA in rumen liquor of lamb (No. 25; group 2) 3 hrs after eating 
(86 days ' feeding); 1. acetic acid, 2. propionic acid, 3. n butyr ic acid, 4. n valeric acid 
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EFFECT O F T H E DISTANCE AND PROPORTION OF THE P O L L E N DONOR V A RIE T Y 
ON FRUIT SETTING AND FRUIT Y I E L D IN PÁNDY SOUR CHERRY 
The Pándv sour cherry is a totally self-sterile variety. Its best pollen donors are the late 
flowering cherry varieties (Germersdorfi óriás, Hedelfingeni óriás, Solymári gömbölyű), certain 
Cigány sour cherry types and sour cherry varieties. In Hungary the growers most f requent ly 
plant the Pándy sour cherry together with the pollen donor cherry variety Germersdorfi 
óriás. The pollen donor varieties are placed in different ways: scattered, in a row, a block or in 
a separate plot. 
The number, proportion and placing of the pollen donor varieties are determined by 
their fertility conditions (self-sterile, self-fertile) too. 
We studied the effect of the distance and proportion of Germersdorfi óriás as pollen 
donor on f ru i t setting and frui t yield in the Pándy sour cherry var iety. 
We wished to get an answer to the following questions: 
How does the distance of the source of pollen influence the extent of fruit set t ing? 
Do the proportion, arrangement and distance of the pollen donor variety influence 
the fruit yield of the Pándy var ie ty? 
The investigations were carried out in 1974 at Mindszent. The 30 ha plantation consisted 
of Pándy sour cherry and Germersdorfi óriás cherry varieties. The area was composed of two 
oblong plots. One of them was planted with Pándv sour cherry only, on 23 ha, the other with 
Germersdorfi óriás cherry on 17 ha. The cherry was spaced at 1 3 x 8 m, the sour cherry at 
8 x 6 m. The grafts were planted in 1961, the rootstock was Prunus mahaleb: the trees were 
trained medium high with a leader in the crown. 
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Fig. 1. Effect exer ted by the distance of the pollen donor variety on f ru i t setting in P á n d y 
sour cherry (Mindszent, 1974) 
Fig. 2. Effect exer ted by the ratio and distance of the cherry variety Germersdorfi óriás on 
fruit yield in P á n d y sour cherry (Mindszent, 1974) 
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The cherry variety Germersdorfi óriás began to flower on 6th April, mass flowering 
took place between 10th and 14th April. 
In the Pándy sour cherry flowering began on 8th April, and mass blossoming took place 
between 13th and 17th May. At the time of flowering two families of bees per ha were uniformly 
distr ibuted over the area. 
At the beginning of flowering trees were marked out in each row, starting f rom the outer-
most row of the pollen donor variety, for the evaluation of f ru i t setting originating from free 
pollination. 
Frui t setting was assessed at the medium level of the crown over 1 running metre in 
all four quarters. Fruit yield per tree was established by weighing. 
Frui t setting in the Pándy sour cherry as a function of the distance of the Germersdorfi 
óriás pollen donor variety is shown in Fig. 1. 
Frui t setting in free-pollinated flowers was 18.2 per cent at a distance of 10 m from the 
row of the Germersdorfi óriás pollen donor variety, and 6.9 per cent in the case of 42 m. With 
an increasing distance f rom the pollen donor variety a decrease in the percentage of fruit 
setting could be pointed out . 
The effect of the proportion and distance of the pollen donor variety on the fruit yield 
per tree (kg/tree) and yield average (q/ha) can be studied in Fig. 2. 
Frui t yield per tree in the Pándy sour cherry is the highest (48.5 kg) with a 1 : 1 ratio 
of the pollen donor var ie ty; in the case of a 1 : 3 ratio the decrease in the fruit yield per tree 
is very high (18.0 kg/tree). The distance of the source of pollen affected the fruit yield. The fruit 
yield of the Pándy trees w as 48.5 kg at a distance of 10 m from the pollen donor variety, 26.5 kg 
at 18 m, 20.5 kg at 34 m and 15.0 kg at a distance of 50 m. With an increasing distance from 
the source of pollen a decrease of the frui t yield per tree could be pointed out; over a distance 
of 58 m the trees produced practically no frui t . 
The pollen donor variety, even if planted in an opt imum ratio, increases the frui t yield 
only when its arrangement and distance f rom the variety to be pollinated are favourable. 
The number , ratio, distance and arrangement of the pollen donor varieties have to be planned 
in such a way as to ensure pollination even under unfavourable conditions (absence of bees, 
inhibition of pollen transfer) . 
* 
Prepared at the University of Horticulture, Department of Plant Genetics and Breeding, 
Budapest , and Department of Fruit Growing, Kecskemét. 
J . N Y É K I , M . SOLTÉSZ 
COMPARATIVE E F F E C T S OF G R O W T H SUBSTANCES ON THE G R O W T H , 
F L O W E R I N G AND F R U I T I N G OF TOMATO PLANTS 
The effect of growth retardants on the growth, flowering and fruiting of the tomato 
have earlier been studied in a sporadic manner . In view of the voluminous work on the influence 
of other growth substances, in different concentrations, on the growth, flowering and fruiting 
of plants , it was thought desirable to use these substances either singly or in combination 
in order to study the possible interactions among these substances and the resulting effects on 
the growth and development of the tomato. The choice of the different combinations of growth 
substances was as follows: I . flower formation is either accompanied with or preceded by 
4cta Agronomica Acaderniae Scienliarum Hungaricae 26, 1977 
90 V A R I A 
s tem elongation; 2. auxins, depending oil the concentration applied, can promote or inhibit 
the growth and development of plants; 3. a certain level of gibberellin is necessary for the 
synthesis of florigens and 4. growth re ta rdants , in general, reduce the vegetative growth, 
induce flower formation and fruit-setting and interfere with auxin and gibberellin metabolism. 
In addition to the critical measurement of the rates of growth, flowering and fruit-
se t t ing of the tomato, analyses were carried out of growth substances of the indole type in 
f lower buds and young developing f ru i t s collected from treated plants. 
In all experiments, tomato seeds var . "John Moran" were used. 
Time course experiments. In exper iment I tomato seeds were sown in a mixture of silt 
and sand (3 : 2) in cans. After 3 weeks t he seedlings were transferred to small pots where they 
were grown for 4 weeks and watered twice during this period with a very dilute solution of 
ammonium sulphate. Then uniform p lan ts were transferred into soil ridges in the field, the 
p lan ts being spaced 0.5 meter apart. Ammonium sulphate was used as a fertilizer and the field 
plot was irrigated according to the usual practice. The plants were sprayed with 0.25% aqueous 
solution of Roger 40 to avoid infection. 
Flower buds were recorded 2 weeks af ter transplanting to the soil and weekly treatments 
wi th growth substances were started by spraying the solutions of the chemicals in 0.5% ethyl 
alcohol on the entire p lant surface. Control plants were sprayed with 0 .5% ethanol. Plants 
were supported with stakes when necessary. The treated plants were divided into 3 groups 
(Table 1) and were allowed to grow unt i l they were 160 days old. From the initial treatment 
da t e until the end of the experiment var ious measurements of growth, flowering and fruiting 
of the differently t rea ted plants were recorded. 
In experiment I I tomato seeds w ere sown in cans in a soil mixture of Nile silt and coarse 
s a n d (3 : 2) and af ter 2 weeks the seedlings were transferred into 38 cm pots containing silt 
and sand (3 : 2). Before transplanting 5 g of ammonium sulphate was added to each pot and 
mixed thoroughly with the soil mixture. The experimental pots were irrigated daily according 
to t he usual practice. 
Thinning was made one week a f t e r transplanting so tha t 2 uniform plants per pot were 
left for experimentation. The plants were sprayed with Roger 40 to avoid infection and at 
9 weeks after the sowing date and once weekly afterwards the plants were sprayed with alco-
holic solutions of var ious chemicals (Table 2). Control plants were sprayed with 0.5 per cent 
e thano l . Certain measurements of grow th , flowering and fruit ing were made at specific week 
in tervals after initial treatments. 
When considered necessary da ta were statistically analysed. Randomized block experi-
men ta l designs (with 4—7 replications) were utilized, and an analysis of variance was per-
fo rmed on the data using the F-ratio tes t . Comparison among means was carried out by cal-
culat ing the least significant difference (L.S.D.) at the 5 per cent probability level. 
In both experiments, for the determination of the growth substances, young flower buds 
and young fruits (about 10 days old) f rom the control and t reated plants were collected 7 weeks 
a f t e r the start of the treatments. After collection, the samples were rapidly rinsed in distilled 
wa t e r to wash away the dust, shaken free of excess water and stored in a deep freeze ready 
for extraction. 
Estimation of indole auxins. The general procedures for extraction, chromatography and 
bioassay were essentially those used by YouNIS—EL-TIGANI (1970). The plant material was 
disintegrated in a blender in cold redistilled ethanol and then extracted at 0°C for 24 hours 
using 3 lots of ethanol. The alcohol ex t rac t was concentrated at full vacuum at 30°C to a few ml. 
The plant residue was dried at 100°C for dry weight determination. 
Aliquots of the extracts were loaded onto the chromatograms. Auxins were separated 
in the dark using isopropvl alcohol : ammonia : water (10 : 1 : 1) as a developing solvent 
(BENNET-CLARK et al. 1 9 5 2 ) . 
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Table 1 
Effect of repeated application of GA:i, AAA and В—995 on mean length of stem (cm) 
in main axis of John Moran tomato plants grown in field 
Treatment a n d frequency W e e k » a f ter initial t r e a t m e n t 
ot appl i ca t ion 
l 2 3 4 7 14 
Group A 
Control 24.3 43.8 67.8 86.5 121.3 176.3 
GA3 100 ppm/2 t imes 25.8 47.0 68.5 86.3 113.8 148.0 
GA3 100 ppm/5 times 28.0 50.0 84.3 108.0 125.3 169.3 
NAA 10 ppm/2 t imes 23.0 39.0 60.8 79.5 108.5 151.3 
NAA 10 ppm/5 times 22.8 40.8 65.5 90.5 121.3 153.3 
L.S.D. at 5 % level N.S.* N.S. 13.26 N.S. N.S. N.S. 
Group В 
Control 26.7 43.7 64.2 80.8 105.7 153.0 
GA3 10 ppm/3 t imrs 26.5 46.7 70.2 87.8 100.5 140.2 
В - 9 9 5 100 ppm/3 times 26.0 39.0 59.7 74.7 102.2 131.2 
L.S.D. at 5 % 1 vf 1 N.S. N.S. N.S. 19.06 N.S. 32.39 
Group С 
Control 27.3 46.4 68.3 85.0 111.4 149.0 
B—995 100 ppm/once + GA3 
10 ppm/3 t imes 27.6 46.4 72.7 87.6 111.7 148.0 
L.S.D. at 5 % level N.S. N.S. N.S. N.S. N.S. N.S. 
* N.S. = Not significant. 
Duplicate chromatograms were prepared and each was cut into t ransverse strips, each 
s t r ip being in w i d t h one-tenth of t he distance be tween the start line and the solvent f ron t . 
Each strip was e luted overnight a t 0°C, with 10 ml distilled water. 
To assay the activity of ex t r ac t s , their e f fec t was studied on the s traight-growth of 
Hordeum coleoptile segments (YOUNIS EL-TIGANI 1970). The lengths of sections were measured 
in red light w i th a photographic magnif ier ( x 5 ) and the mean length of 40 sections of the two 
replicates of each zone strip was calculated. The resul ts are expressed as the final length of the 
t reated sections minus the f inal l eng th of the water controls, expressed as percentages of the 
f inal length of the water controls. 
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Table 2 
Effect of repeated application of growth substances either alone or in combination 
on mean length of stem (cm) in main axis of John Moran tomato plants grown in 
pots 
Treatment and f r e q u e n c y Weeks a f t e r ini t ia l treatment 
of applicat ion 
l 2 3 4 
' 1 12 
Control 42.8 58.8 62.7 69.8 75.3 76.5 
GA3 100 ppm/5 times 45.7 65.5 75.5 85.3 90.3 94.8 
NAA 10 ppm/5 times 39.7 48.5 53.2 60.2 75.0 76.8 
B —995 100 ppm/3 times 55.7 71.2 78.2 82.8 88.3 88.5 
TIBA 10 ppm/5 times 41.8 60.5 63.3 65.7 67.5 70.3 
MH 10 ppm/5 times 32.8 42.7 49.3 56.8 74.5 77.0 
В - 9 9 5 100 ppm/once -f- GA3 100 ppm/3 times 39.3 60.5 70.2 77.7 85.7 86.0 
В - 995 10 ppm/once + NAA 10 ppm/3 times 35.2 45.3 47.8 53.8 63.7 67.7 
TIBA 10 ppm/twice + GA3 100 ppm/3 times 30.8 42.7 51.5 60.0 71.8 77.3 
MH 10 ppm/twice -+- GA.J 100 ppm/3 times 23.5 33.5 46.7 61.2 77.3 79.0 
L.S.D. at 5 % level 3.23 4.45 5.60 6.69 8.02 8.62 
A. Growth responses 
Experiment I. The shoot height was measured weekly for 14 weeks (Table 1). For p l an t s 
of Group A, twice application of ei ther GA3* or NAA** had no s ignif icant effect on stem leng th 
in the f i rs t 2 weeks. Fur ther applicat ion of GA3 induced a significant increase in s tem leng th 
above those of other t r ea tmen t s a t 3 weeks a f te r initial t r ea tment , a n d NAA, on the o the r 
hand, did no t induce a significant change in s tem length . Similar resul ts , though not s ignif icant , 
were obta ined at 4 weeks. The s tem length of non- t rea ted and t r ea t ed p lants at 7 weeks and 
at the end of the experiment were not significantly different , hut the control plants and those 
treated 5 t imes with GA3 and NAA had the highest values for s tem length . 
The d a t a in Table 1 for p lan ts of Group В indicate tha t GA3 a n d B —995*** at 10 and 
100 ppm respectively did not induce any significant change in the g rowth of the main axis of 
treated p lan t s throughout the exper iment . At the early periods of growth, however, GA3 
induced a slight extension above the controls and В -995-treated p lan t s . Also by the end of 
the exper iment , В—995 elicited 14% reduction in s tem length when compared with controls . 
В 995 (100 ppm) followed by GA3 (10 p p m ) elicited no s ignif icant effect on s tem elon-
gation. This points to the fac t t h a t there m a y have been an in te rac t ion between GA3 and 
B—995 on s tem elongation. 
Experiment II. From Table 2 it is appa ren t t h a t there existed significant differences in 
stem elongation throughout the exper iment as a resul t of the application of growth substances . 
Thus, GA3 induced a significant increase in s tem elongation at most t imes of measurement as 
* GA3 = gibberellic acid 
** N A A = naphthalene acetic acid 
*** В—995 = N-dimethylaminosuccinainic acid 
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compared with other t rea tments except with В—995 and В — 995 + GA3; these two latter 
t rea tments induced a s tem elongation more or less similar to t h a t of GA3. 
The stem length of NAA-treated p lants was significantly lower than t h a t of controls, 
GA3- and В—995-treated plants. When compared with other t reatments , the increase in stem 
elongation as affected by NAA application was, in general, no t statistically significant. 
В — 995 was found to increase stem length significantly above most of the other treat-
ments at all stages of growth. This increase due to В—995 t r ea tmen t is unexpected hut if we 
consider tha t the initial mean length of the main axis of В 995-treated plants was about 
10—15 cm taller than t h a t of the other t rea ted plants, then this increase may not have been 
solely due to an effect of В — 995 on stem elongation. 
Except for the f i rs t two weeks, the s tem length of T I B A * + GA3-, MH-** and MH + 
GA3-treated plants showed similar behaviour throughout the experimental period. The stem 
elongation of В 995 -f- NAA-treated plants was the least among the different treatments 
used. The behaviour of the grow th of the main axis of TIBA-t rea ted plants was comparable 
to tha t of the controls and NAA-treated plants and lower t h a n of those t rea ted with GA3, 
В 995 and B—995 + GA3 . The stem length of TIBA + GA3 , MH and MH + GA3-treated 
plants was significantly lower than that of TIBA-treated plants during the first 3 weeks after 
initial t rea tment hut a t la ter stages the s tem length of the former plants caught up that of 
the lat ter ones. 
B. Flowering and fruiting responses 
Experiment I. J u s t before the initial t rea tment , plants were blooming; one or two flower 
clusters being recorded a t the 9th node of all plants. The number of flower clusters counted 
at 5 weeks after initial t r ea tment are presented in Table 3. 
Within the plants of Group A, no significant differences in the number of flower clusters 
were observed. However, t rea tment with GA3 (100 ppm) f ive t imes seemed to have increased 
the number of flower clusters appreciably above those of controls and other t rea tments . 
The differences in the number of flower clusters on p lan t s of Group В were not sig-
nificant. But , GA3 (10 p p m ) and B—995(100 ppm) may have reduced the number of flower 
clusters below that of the controls. In Group C, the controls and В—995 + GA3-treated plants 
showed similar behaviour wi th respect to the number of f lower clusters produced. 
For Group A, a five times treatment wi th 100 ppm GA3 induced a significantly higher 
number of flowers per p lan t than the other treatments bu t not higher than the controls. 
For Groups В and С of plants , the differences in the mean number of flowers produced per 
plant were statistically not significant (Table 3). 
It is apparent t ha t spraying GA3 and NAA 2 or 5 times increased the shedding of flowers 
of treated plants with varying degrees when compared with the controls. On the other hand, 
when GA3 (10 ppm) and В 995 (100 ppm) were applied to the second group of plants , shedding 
of flowers was reduced and В 995 showed a better result t h a n GA3. The combination of 
В 995 with GA3 increased, bu t slightly, the ra te of flower shedding above that of the controls 
(Table 3). 
Data for the time f rom seeding to f rui t ing of the variously treated plants are given 
in Table 3. For plants of Group A, t reatment with GA3 and NAA induced earlier fruiting and 
chemicals were most effective when sprayed 5 and 2 times respectively. 
* TIBA = 2,3,5-triiodobenzoic acid 
** MH = maleic hydrazide 
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Table 3 
Effect of repented application of GA3, NAA and В — 995 on flowering and fruiting 
of John Moran tomato plants grown in field 
T r e a t m e n t 
M e a n No. 
o f f lower 
clusters/ 
p lant 
Mean t o t a l 
No . o f 
f lowers / 
p lant 
f l o w e r s 
shed, per 
cent of total 
T i m e f r o m 
s e e d i n g t o 
f r u i t i n g 





Control 15.0 236.8 31.4 114.8 7.5 
GA3 100 ppm/2 times 12.5 160.8 50.5 109.3 4.0 
GA3 100 pptn/5 times 23.3 247.5 36.6 98.0 3.0 
NAA 10 ppm/2 times 17.8 174.8 47.8 104.4 14.0 
NAA 10 ppm/5 times 17.5 132.5 55.7 110.6 6.8 




Control 22.7 198.0 45.6 111.3 8.3 
GA3 10 ppm/3 t imes 16.7 217.2 38.9 113.0 3.7 
B — 9 9 5 100 ppm/3 t imes 11.5 177.8 33.8 101.0 2.2 




Control 14.6 174.0 44.8 I I I . . ! 4.7 
В - 995 100 ppm/once + GA3 
10 ppm/3 times 16.1 209.0 50.7 107.5 3.7 
L.S.D. a t 5% level N.S. N.S. N.S. 
Fruit-set t ing has been markedly enhanced in the p lan t s t reated with В 995 in Group B, 
b u t spraying GA3 at 10 p p m 3 times was ineffective as compared with the controls . In Group C, 
t r e a t m e n t of plants wi th В 995 -f- GA3 slightly induced earlier fruiting. The mean number 
of f ru i t s of all t reated p lan t s , counted at t h e conclusion of t he experiment, are show n in Table 3. 
Wi th in the first group, NAA (10 ppm) when applied twice to tomato p l an t s increased lriiit-
se t t ing significantly above the controls and the other t r e a t e d plants. A slight reduction in the 
n u m b e r of fruits per p l an t was observed in GA3-treated p l an t s w hen compared w ith the controls 
and plants treated 5 t imes with 10 p p m of NAA. A three t imes application of G A., at 10 ppm 
and В -995 at 100 p p m might have reduced the number of f ru i t s per plant below that of the 
controls although s ta t is t ical analysis showed that the var ia t ions between the different plants 
were not significant. A similar pat tern of changes in the n u m b e r of fruits was observed in the 
control and В 995 -j- GA3-treated p lan t s . 
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Tab le 4 
Effect of repeated application of growth substances either alone or in combination on 
flowering and fruiting of John Moran tomato plants grown in pots 
Trea n ient a n d frequency 
o f appl icat ion 
Mean N o . 
of f l o w e r 
c lus ters 





F l o w e r s 
s h e d , per 
een t o f 
t o t a l 
Mean tota l 
number of 
fruits plant 
Control 6.7 39.0 82.5 2.3 
GA3 100 ppin/5 times 3.2 23.3 90.0 0.7 
NAA 10 ppin/5 times 6.7 55.7 52.7 1.2 
В 995 100 ppm/3 times 8.3 39.8 79.9 5.7 
TIBA 10 ppm/5 times 5.0 39.2 75.7 2.0 
MH 10 ppm/5 times 5.2 40.0 59.2 3.2 
В —995 100 ppm/once + GA3 100 ppm/3 times 5.2 35.8 64.7 3.5 
B—995 100 ppm/once - j • NAA 10 ppm/3 times 5.2 40.8 48.2 3.7 
TIBA 10 ppm/twice + GA3 100 ppm/3 times 3.8 41.2 50.2 1.8 
MH 10 ppm/twice + GA3 100 ppm/3 times 4.7 30.7 52.7 1.7 
L.S.D. at 5 % leve 1.36 N.S. 
— 
1.30 
Amongst the different t reatments used in this experiment GA3, sprayed alone for 
5 times, induced the formation of parthenocarpic fruits; about 60°o of the total number of 
fruits being parthenocarpic. Also, the f ru i t s produced by GA3-treated plants, particularly the 
parthenocarpic ones, were inferior in size to those developed by the controls, the NAA- and 
В 995-treated plants. 
Experiment II. The number of flower clusters was counted 5 weeks after initial t reatment 
and the data obtained are shown in Table 4. Thus, a 5 t imes application of GA3 at 100 ppm 
induced a great reduction in the number of flower clusters, a result which was repeated when 
GA3 was combined with TIBA. Within the group of p lants treated with TIBA, В 995 in 
combination with either GA3 or NAA and MH alone or followed by GA3, the changes in the 
number of flower clusters were insignificant. Control, NAA- and В - 995-treated plants had 
the highest number of flower clusters and it is apparent also tha t the flower clusters on В 995-
treated plants were significantly higher than those produced by all t reated plants in this 
experiment. However, there were no significant differences recorded in the total number of 
flowers produced per p lant . 
The results in Table 4 show that the number of flowers shed per GA3-treated plants was 
approximately 90 per cent of the total number of flowers produced throughout the experi-
mental period, a value which was higher than that of the controls. All the other compounds 
reduced the percentage values for flower shedding. 
Table 4 shows the total number of developing and ma tu re fruits counted at the end of 
the experiment. В 995 (100 ppm) applied 3 times increased the fruit yield significantly over 
that of the controls and all treated plants. GA3 and NAA when applied separately marke.dly 
reduced the total number of fruits, but when either of these 2 chemicals was combined with 
В 995, a marked increase in fruit-set was recorded. No significant differences were observed 
within the controls and the plants treated with other growth substances. 
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С. Groivth substances in flower buds and young developing fruits 
Young flower buds and young fruits (about 10 days old) from the control and treated 
plants of the 2 experiments were collected for extraction 7 weeks after the s tar t of the treat-
ments. The changes in the activity of indole auxins are illustrated in Figs 1 — 4. In these 
figures the horizontal line indicates the wa te r cntrol above and below which the growth-
promoting and growth-inhibiting substances are illustrated respectively. 
The activity in ex t rac ts from flower buds of untreated plants showed only small amounts 
of growth-promoting substances at R p 0.0 to 0.5 and relatively higher amounts of growth-
inhibiting substances at the higher R p values (Fig. la). GA3 a t 10 and 100 ppm increased the 
growth-promoting substances in the flower buds of treated plants (Figs lb, с and d). As in 
GA3-treated plants, NAA increased the growth-promoting substances proportionately with 
the number of applications (Figs le and f). W h e n NAA was applied with В—995, all the chro-
matogram strips showed growth-promoting act ivi ty except at R p 0.4 to 0.5 where an inhibition 
was detected (Fig. lg). 
The extracts of f lower buds from В—995-treated plants exhibited growth-inhibiting 
substances at R p 0.4 to 0.7 and 0.9 to 1.0. A t the other regions appreciable growth-promoting 
substances were apparent (Fig. 2a). The pa t t e rns of changes in the growth-regulating substances 
of flower buds from plants t reated w ith В—995 in combination with GA3 at 100 (experiment II) 
and 10 p p m (experiment I) respectively are nearly similar (Figs 2b and c). 
When compared wi th the control f lower bud extracts, it seems that T I B A increased 
the growth-promoting substances (Fig. 2d). On the other hand , with TIBA followed by GA3, 
the flower bud extracts showed appreciable amounts of growth-promoting substances at all 
R p values (Fig. 2e). It is also interesting to mention that in Fig. 2d the greatest inhibition 
was observed at R p 0.4 to 0.5 whereas, as shown in Fig. 2e, this growth-inhibiting zone had 
disappeared and even might have been replaced by a growth-promoting substance as a result 
of the combination of T I B A with GA3. 
M H treatment induced the presence of appreciable amounts of growth-inhibiting sub-
stances a t R p 0.0 to 0.6 and at higher R p values growth-regulating substances were hardly 
detected (Fig. 2f). However, when MH was followed by GA3 application, appreciable growth-
promoting substances appeared at R p 0.0 to 0.3 and at R p 0.6 to 0.9 (Fig. 2g). At other R p 
values growth-inhibiting substances were detected. 
In the case of young fruits, the resul ts obtained are recorded in his tograms (Figs 3 
and 4). Ext rac ts obtained f rom fruits of un t r ea t ed plants showed a high inhibit ion zone at 
Rp 0.0 to 1.0 and at higher R p values, zones of growth-promoting activity were revealed 
(Fig. 3a). In Figs 3b, с and d it is clear t h a t a t 10 and 100 ppm, application of GA3 induced 
marked increments in the growth-promoting activity as well as the appearance of slight 
amounts, if any, of growth-inhibiting substances. But the growth-inhibiting substance detected 
at Rp 0.0 to 0.1 in control tomatoes was persis tent in fruit ex t rac ts from plants t reated twice 
with GA3 at 100 ppm and plants treated 3 t imes with GA3 a t 10 ppm (Figs 3b and d). 
I t is apparent t ha t NAA whether applied twice or 6 t imes lias increased the substances 
of .growth-promoting act ivi ty when compared with the control (Figs За, e and f) . Compared 
with p lants treated with NAA alone, applicat ion of B—995 followed by NAA induced the 
disappearance of growth-inhibitors at R p values higher than 0.1 and further increased the 
growth-promoting activity in the respective young fruit extracts (Fig. 3g). In the histograms 
(Figs 3e, f and g) a growth-inhibiting substance appeared at R p 0.0 to 0.1 and this was lower 
in act ivi ty when compared with that revealed by the control samples (Fig. 3a). 
I n case of В — 995-treated plants, the young tomato f ru i t extracts showed, as in the 
controls, a growth-inhibiting substance at R p 0.0 to 0.1 and an indication of a fu r the r inhibitor 
at Rp 0.9 to 1.0. At other R p values substances of growth-promoting activity were detected 
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Fig. 1. Histograms showing activities in the Hordeum coleoptile test of chromatograms of 
extracts of flower buds f rom a = control pot plants; b = field plants sprayed 2 times with 
GA3 a t 100 ppm; с = pot plants sprayed 5 times with GA3 a t 100 ppm; d = fields plants 
sprayed 3 times with GA3 a t 10 ppm; e = field plants sprayed 2 times with NAA at 10 ppm; 
f = pot plants sprayed 5 times with NAA at 10 ppm; g = pot plant sprayed once with 
В—995 at 100 ppm, followed by NAA at 10 ppm sprayed 3 t imes. Each chromatogram was 
strip-loaded with amounts of extract equivalent to 200 mg dry weight of flower buds 
(Fig. 4a). Compared with the controls, the GA3- and В — 995-treated plants, spraying with 
В—995 followed by GA3 at 100 and 10 ppm caused the disappearance of the growth-inhibiting 
substances either partially or completely and showed marked amounts of growth-promoting 
substances (Figs 4b and c). 
Young tomatoes f rom plants sprayed with TIBA either alone or in combination with 
GA3 showed a growth-inhibiting substance a t R p 0.0 to 0.1. At the other Rp values growth-
promoting activity was detected; the activity being greater in samples treated with TIBA -f-
GA3 t h a n in samples t rea ted with TIBA alone (Figs 4d and e). 
In extracts of fruits f rom MH-treated plants, there appeared a marked grow th-inhibiting 
substance and low- amounts of growth-promoting substances. In the f rui t extracts of MH -j- GA3-
treated plants marked growth-inhibiting substances appeared a t all regions of the chromato-
grams. 
5* Acta Agronomica Academiae Scie.itiarum Hungaricae 26, 1977 



































0 .0 0.2 0.4 0.6 
Rf 
Q.3 
Fig. 2. Histograms showing activities in the Hordeum coleoptile test of chromatograms of 
ext rac ts of flower buds from a pot plants sprayed 3 times with В — 995 at 100 ppm; 
b pot plants sprayed once with В 995 at 100 ppm, followed by GA3 a t 100 ppm sprayed 
3 t imes; с = field p lants sprayed once with B —995 at 100 ppin, followed by GA3 at 10 ppm 
sprayed 3 times; d = pot plants sprayed 5 times with TIBA at 10 p p m : e = pot plants 
sprayed twice with T I B A at 10 ppm, followed by GA3 at 100 ppm sprayed 3 times: f = pot 
p lan ts sprayed 5 t imes with MH at 10 p p m ; g = pot plants sprayed twice with MH at 10 ppm, 
followed by GA3 a t 100 ppm sprayed 3 times. Each chromatogram was strip-loaded with 
amounts of extract equivalent to 200 mg dry weight of flower buds 
GA3 was used throughout this investigation at 10 and 100 ppm. At the low concentra-
t ion, it had no significant effect on s tem length. When used at 100 ppm, in general, GA3 
increased stem length significantly. As the number of applications was increased growth rate 
increased and was maintained for a longer period. However, there was decreasing respon-
siveness to the chemical with the lapse of time particularly after termination of the weekly 
t rea tments . This st imulating effect on shoot length is one of the most characteristic effects 
of GA3 on the tomato as well as on all other plants investigated by a great number of authors 
( B R I A N — H E M M I N G 1 9 5 5 , BRIAN et al. 1 9 5 9 , YOUNIS— E L - T I G A N I 1 9 7 0 , F O D A et al. 1 9 7 0 ) . 
В—995 reduced the stem height significantly in most cases. However, in some cases, 
the В 995-retarding effect was masked as plants developed with the lapse of time. In support 
of these observations, PICARD (1967) reported that at 350y, В 995 delayed the onset of stern 
grow th , the delay increasing with increasing amounts of application. 
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Fig. 3. Histograms showing act ivi t ies in the Hordeum coleoptile test of chromatograms of 
extracts of young frui ts from a = control pot p lants ; b = field p lants sprayed 2 times wi th 
GA3 at 100 p p m ; с = pot plants sprayed 5 times with GA3 a t 10 ppm; de = field plants sprayed 
2 times with NAA at 10 ppm; f - pot plants sprayed 5 times with NAA at 10 ppm; g = pot 
plants sprayed once with B—995 a t 100 ppm, followed by NAA at 10 p p m sprayed 3 t imes . 
Each chromatogram was strip-loaded with amounts of ex t rac t equivalent to 250 mg dry weight 
of young f ru i t s 
We should point out tha t the masked response wi th the progress of t ime was, in general , 
dependent upon the concentration used and the f requency of application. Thus CATHEY (1964) 
stated tha t for a marked prolonged reduction of growth , high concentrat ions of В 995 are 
required. However, this does not exclude the possibility of B —995 being translocated to non-
a c t i v e r e g i o n s o f g r o w t h (ZEEVAART 1 9 6 6 , YOUNIS — E L N U R 1970) . H a d t r a n s l o c a t i o n of В — 9 9 5 
been operative in tomato plants, the growth retarding changes in the apical bud, which were 
possibly increased by В - 995 par t icular ly at the t ime of t rea tment , would have been decreased 
with the progress of time. 
It was possible for GA 3 at 100 ppm to counteract the growth-retarding effects of 100 p p m 
of В - 9 9 5 ( T a b l e 2 ) . I n s u p p o r t o f t h i s o b s e r v a t i o n , ZEEVART ( 1 9 6 6 ) , MOORE (1967) , P I C A R D 
(1967) and YOUNIS— EL-TIGANI (1970) found that GA3 was capable of reversing the inhibi tory 
effects of В 995 on different p lan t tissues and they suggested that В — 995 inhibits gibbe-
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Fig. 4. Histograms showing activities in the Hordeum coleoptile test of chromatograms of 
extracts of young fruits from a = pot plants sprayed 3 times with B —995 at 100 ppm; 
b = pot plants sprayed once with В—995 at 100 ppm, followed by GA3 at 100 ppin sprayed 
3 times; с = field plants sprayed once with В —995 at 100 ppm. followed by GA3 at 10 ppm 
sprayed 3 t imes; d pot plants sprayed 5 t imes with TIBA at 10 ppm; e plot plants 
sprayed twice with TIBA at 10 ppm, followed by GA3 at 100 ppm sprayed 3 times; f = pot 
plants sprayed 5 times with MH at 10 ppm; g = pot plants sprayed twice with MH at 10 ppm, 
followed by GA3 at 100 ppm sprayed 3 times. Each chromatogram was strip-loaded with 
amounts of extract equivalent to 250 mg dry weight of young fruits 
rellin biosynthesis. Thus. YOUNIS— EL-TIGANI (1970) reported A reduction in the gibberellin 
content of t oma to plants treated with B —995. 
NAA slightly reduced the stem height and MH sprayed either alone or followed by GA3 
(Table 2) inhibited shoot growth during the early stages of development and with the lapse 
of time the growth of plants eventually returned to that of untreated plants. In this connec-
t ion BRIAN—HEMMING (1957) a n d BIKOVAC WITTWER (1956) r e p o r t e d a p a r t i a l c o u n t e r -
action of the growth-inhibiting effects of MH by gibberellins. Also, EL-TIGANI (1969) found 
that simultaneous application of M H and GA3 increased the stein height significantly a t all 
stages of growth. Thus, EL-TIGANI concluded t h a t GA3 can completely prevent the inhibiting 
action of MH if applied simultaneously with the lat ter . 
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TIBA alone and combined wi th GA3 did not a f f e c t stem length significantly. This r e su l t 
does not agree w i t h t h a t of GALSTON (1947) who r epo r t ed t h a t TIBA reduced the plant he igh t 
in soybeans. Thus , i t seems tha t the effect of T IBA o n vegetat ive growth is a function of t h e 
concen t ra t ion of t h e chemical (LEOPOLD 1955). 
In exper imen t I, GA3proved to be the most e f fec t ive when applied a t 100 ppm 5 t i m e s . 
I t increased the n u m b e r of flower clusters, the t o t a l number of f lowers and did not a f f ec t 
flower shedding when compared wi th the control. Ea r l i e r fruiting was induced than in t h e 
control, bu t the t o t a l number of f ru i t s was reduced. A lower concentration and less f r e q u e n c y 
of application of GA 3 were less effect ive in the above respects. 
Two times spraying of NAA a t 10 ppm was f o u n d more effective t h a n 5 times. A lower 
number and higher shedding of f lowers than the con t ro l were observed. Earlier frui t ing a n d 
a significant increase in the total number of fruits were also obtained. В — 995 either alone or 
in combination w i t h GA3 was f o u n d inferior in f lower ing and f ru i t ing responses to N A A 
and GA3. 
The induct ion of par thenocarpic fruits was m o s t characteristic of GA3 and this is in 
accord with the resu l t s of RAPPAPORT (1957) and WITTWER el al. (1957). F ru i t s produced were 
inferior in size to those developed by control and o the r t r ea tments as repor ted by WITTWER 
BUKOVAC ( 1 9 5 8 ) . 
Amongst t h e different t r e a t m e n t s used in exper iment II , GA 3 and TIBA + G A 3 
reduced, whereas В 995 significantly increased the n u m b e r of flower clusters. However, no 
significant differences in the total number of flowers were recorded. Certa in t rea tments e .g . 
T I B A -}- GA3 and M H -f- GA3 showed the most promis ing results in t he reduction of f lower 
shedding, unlike GA 3 which increased it. 
Also В—995 increased the f ru i t - se t significantly. GA 3 and NAA, when applied separa te -
ly, highly reduced the total number of fruits. W h e n b o t h chemicals were combined w i t h 
В 995 a marked increase was observed. TIBA did n o t af fect the yield significantly. 
The effect of В -995 on f lowering and fruiting seems to be disputed. However, evidence 
is more in favour of the fact tha t В 995 t rea tment , a t appropriate concentrat ions, induces 
earlier flowering a n d fruiting accompanied with h ighe r yield (STUART 1961, WITTWER — 
TOLBERT 1960, YOUNIS—ELNUR 1970). The results of t h e present investigation lend a s u p p o r t 
to the increased f lowering and yield by В 995. 
RAPPAPORT—SINGH (1961) s t a t ed tha t with respec t to flowering and fruiting, the e f fec t 
of gibberellin on p l a n t s is not universal . However, in m o s t cases, adminis t ra t ion of GA3 t o 
p lan ts was found to accelerate f lowering and fruiting responses. 
There are m a n y reports in the li terature concerning the effect of externally appl ied 
auxin- type compounds including NAA, T I B A and MH on flowering and yield in tomato a n d 
o t h e r p l a n t s (HITCHCOCK ZIMMERMAN 1935 , THIMANN— LANE 1938, S T I E R - DU BUY 1 9 3 8 , 
T A N G — L o o 1940 , COOPER 1942, F I S H E R LOOMIS 1 9 5 4 , WITTWER—BUKOVAC 1958) . S o m e o f 
these authors also po in ted out t ha t combination of some auxins with GA 3 resulted in b e t t e r 
flowering and f ru i t ing responses. 
Growth subs tances seem to be involved in the regulat ion of m a n y different g rowth 
processes including flowering and f ru i t ing . LANG (1961) s t a ted that the growth of the p l a n t 
may depend on the ra t ios rather t h a n on the absolute levels of these subs tances in the p l a n t . 
In the present invest igat ion, gibberellins, auxins and g r o w t h re tardants have induced var iable 
growth, flowering a n d frui t ing responses in tomato and o t h e r plants. These variable responses 
a s LEOPOLD ( 1 9 5 5 ) a n d WITTWER BUKOVAC (1958) s t a t e d a r e a t t r i b u t e d t o : a) s p e c i e s o r 
var ie ty of the p lan t , b) concentration of the growth subs t ances applied and frequency of appl i -
cat ion, c) effective concentra t ion in the tissue, d) time a n d method of appl icat ion and e) envi-
ronmenta l conditions. 
At present the re is no need to postulate a corre la t ion between changes in vegetat ive 
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development a n a those of flowering and fruiting. We could perhaps account for the observed 
changes in flowering and fruit ing solely by the changes in the ratios of growth substances in 
the plant. 
DOSTAL- HOSEK (1937) were the first to observe that flowering of Circaea could be 
delayed or prevented by auxin and since then there has been an increasing feeling t h a t auxin 
may be antagonistic to the postulated flowering hormone or florigen. FISHER— LOOMIS (1954) 
found that anti-auxin t reatment to soybean p lants induced earlier flowering than the control. 
Also gibberellin is now known to stimulate flowering only in some long-day plants and to delav 
flowering in short-day plants. Thus it behaves different ly from the flowering hormone, al though 
it may be int imately involved in flower formation. 
I t seems then that the balance between auxin and gibberellin which act interdepen-
dentlv (BRIAN—HEMMING 1957) and the flowering hormone is important in the transi t ion 
from the vegetative to the flowering state. The mechanism by which auxins, GA3 and В -995 
alter the s ta te of flowering and consequently t h a t of fruiting can be tentatively interpreted 
as relating to the relative expression of the endogenous hormones and florigens; thus , the pre-
sently used growth substances may have mainta ined certain ratios of the hormone—florigen 
system which made the t reated tomato plants capable of lower or higher rates of flowering 
and fruiting than the control. These low or high rates of flowering and fruiting m a y result 
from suppressing or augmenting the action of florigen. 
The changes herein reported for growth substances of the auxin type in f lower buds 
and young f ru i t s (Figs 1 4 ) are in accord with the suggestion tha t the alteration in the balance 
of growth substances in the tomato plant occurred as a result of exogenous t r e a t m e n t with 
growth substances. 
* 
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P U R C H A S E PRICE D I F F E R E N T I A T I O N FOR P R O D U C E R S ' FRESH 
MILK ACCORDING TO QUALITY AND U S E F U L MATTER CONTENT 
An increasing number of countries in the world are at tempting to harmonise the qual i ty 
and price of their products. In Hunga ry the government decree No. 56/1967 (XII. 19) pa r a . 
16 and the Cabinet decision No. 2001/1974 (I. 9) prescribe the co-ordination of price and qual i ty 
not only for the final product hu t also for the raw material. 
When applying the provisions of law the price fixing authorities have to take these 
objectives into consideration. 
The Cabinet decision 1025/1972 (VII. 30) lays down — among other things t h a t 
1. the consumption of milk protein should be increased, 2. price policies must he elaborated 
to promote the work of breeding, and 3. damage caused by mastitis, including lesions caused 
by the milking machine, must be prevented. 
A campaign aimed at increasing milk protein consumption and a price policy to promote 
the purchase of milk may provide substant ia l assistance in breeding animals with higher protein 
outputs . 
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Mastit is control and the f igh t against o the r pathological changes in the milk, which 
are not not i f iable , can be coordinated within the government p rogramme. 
In an earlier publication we pointed out t he f requent occurrence of mastit is and various 
pathological changes in milk caused by incorrect methods of mechanical milking, which are 
alien to physiological conditions, and by keeping ca t t le under unsui table conditions (NYIRKDY 
1 9 6 0 , W A G N E R PI al. 1 9 7 4 ) . 
As a consequence of the pathological changes there is a decrease in the fat-free dry 
matter con ten t of milk, par t icu lar ly in the casein, a highly impor t an t component of cheese, 
curd and o the r products made b y using coagulating techniques. The q u a n t i t y of whey proteins 
increases (bo th in an absolute a n d relative sense), and in the course of cheese-making their 
colloid-stabilizing effect inhibits the coagulation of casein, which is in any case only present in 
small quant i t ies . 
On m a k i n g cheese the coagulat ing mat ter becomes a water-binding agent and in the course 
of matur ing of ten appear var ious disadvantageous organoleptic propert ies (NYÍREDY 1938). 
Pathological ly changed milk originating f r o m diseased animals , even when present in 
the vat in a proport ion not h igher than 0.(11 per cent , causes a 0.3 per cent loss of casein, while 
in using milk f rom healthy an imals we only have to reckon with a 0.01 per cent loss (NYIREDY 
1 9 3 8 ) . 
The resul ts of theoretical calculations m a d e on this basis, concerning the amoun t of 
surplus inilk required to produce 1 q product, are contained in Table 1. 
A p a r t f r o m pathological changes the reduced casein content may also he caused by 
watering the milk, by genetic causes or by improper feeding. 
Some cat t le breeds give high milk yields b u t their milk has a relat ively low useful ma t t e r 
content; i t s casein content is generally 2.2 2.4 per cent compared to the 2.7- 3.2 per cent 
casein con ten t of milk produced hy breeds w i t h more concentra ted milk. The fa t - f ree dry 
mat ter c o n t e n t of milk na tu ra l ly changes accordingly (HORN DOHY 1970, ANAGAMA 1972). 
In t he coming years breeders will be called upon to develop breeds producing so-called 
" c o n c e n t r a t e d " milk, which will facilitate the organizat ion of milk t r anspor t and p romote the 
more economic production of da i ry products, w i t h the ultimate resul t of substantial savings 
Table 1 
Surplus milk required for producing 1 q cheese 
Product made o f pathologica l milk 
Surplus milk 
used tu 
produce 1 q 
cheese 
(litre) 
Surp lus milk 
% : $ 
Pannónia cheese 126 11.05 11.57 
Нтиуёге cheese 128 11.06 11.73 
Parmesan cheese 147 11.13 13.48 
Portsalut cheese 121 11.03 11.10 
Edam cheese 123 11.04 11.28 
Low-fat Óvári cheese 131 11.05 12.12 
Sport cheese 53 10.93 4.87 
Pálpusztai cheese 91 11.13 8.35 
Low-fat cottage cheese 76 11.34 6.97 
Acta Agronomica Acaderniae Scienliarum Hungaricae 26, 1977 
V A R I A 1 0 5 
at a national economic level. In the future breeding should therefore he aimed primarily at 
increasing the protein and casein contents of the milk. 
The casein content of the total protein should not be less than 77 per cent; lower pro-
portions indicate the presence of pathological processes (WAGNER et al. 1974). 
With the analytical methods currently available the amoun t and percentage of total 
proteins can be determined in some 30 minutes (WAGNER et al. 1974). 
By proper feeding the useful matter content of milk — milk protein and casein — can 
be increased, taking into account the physiological limitations (CSUKÁS 1952). 
Any such attempt made by the producer in co-ordination with the long-range objectives 
should be financially appreciated. It is a well-known fact tha t as a response to reduced quan-
tities or wrong composition of feed, or in consequence of sudden changes in feeding, a decrease 
is observed both in the amoun t of milk and in its fa t , protein (including casein) and fat-free 
d r y m a t t e r c o n t e n t ( C S U K Á S 1 9 5 2 ) . 
Current purchase price of milk. With a view to the development of cattle breeding the 
increased purchase price of milk was fixed in 1973 at 9.24 S/hl. If this price is differentiated 
by the quali ty and surplus useful matter content of the milk the following result is obtained: 





Annual average price of milk 
containing 3.6 per cent but tcrfat 8.34 90.2 
Price for surplus butterfat 
(0.166%) 0.30 3.3 
On the basis of quality 
(first class and TBC negative tested) 0.60 6.5 
Total purchase price 9.24 100.0 
There is little differentiation for quality in the purchase price. 73.0 per cent of the 6.5 
per cent quali ty price is made up by the premium given for TBC-tested milk and 27 per cent 
is paid for f irst class physical puri ty . Three-quarters is thus paid according to the state of health 
of the animals, which is, of course, related to the quality of the milk, but which in fact only 
serves to encourage the development of TBC-free dairy-farms. If we disregard this point, the 
extent of price differentiation by quality amounts to some 2 per cent of the total price. 
It can thus be seen t h a t *he purchase price of milk is very little differentiated according 
to the actual quality, despite the fact that high quality is a basic requirement. 
The government programme for the development of cattle breeding and the financial 
incentives given within the framework of this programme should result in an abundance of 
milk and dairy products in Hungary . 
The present consumption of milk proteins is about 50 per cent of the level required for 
healthy nutri t ion. The intensive promotion of domestic milk and dairy product consumption 
in Hungary is therefore just i f ied. 
A uniform supply and a wide range of high quality milk and dairy products are essential 
preconditions for increasing the level of consumption. Storable products with a longer period 
of guarantee cannot be produced from poor quality milk. 
Therefore, in the coming years, besides the quanti ty of milk production increased atten-
tion should be paid to its qual i ty . The purchase price - in accordance with long-range objec-
tives — should thus be fixed in the future in such a way that adequate remuneration is given 
for high quali ty and for a correct composition of useful matter content in the milk. 
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Table 2 
Percentage distribution of the retail price of milk for butterfal and fat-free dry 
mutter content (at the retail price of butter, taking the fat content of retail milk 
as 3%) 
Country 
Butterfat Fat- free 
dry matter T o t a l 
in mi lk 
England 14 86 100 
USA 19 81 100 
West Germany 30 70 100 
Austria 30 70 100 
France 37 63 100 
Belgium 38 62 100 
Bulgaria 40 60 100 
Czechoslovakia 40 60 100 
1 taly 41 59 100 
East Germany 42 58 100 
Yugoslavia 43 57 100 
Poland 62 38 100 
Hungary 50 50 100 
Hungary 1973* 36 64 100 
Total 522 878 
Average 37 63 
* Not included in the average. 1970 prices for retail milk (litre) and butter (kg) 
expressed iti nat ional currency. Source: Central Statistical Office, 20th Ju ly 1973 (No. 17). 
Current statistical publications Vol. 294, "Internat ional data on food economy". 
Seventy-three per cent of the present purchase price is paid for the butterfat content 
of the milk and 27 per cent for its fa t - f ree dry matter content. In the purchase price 1.76 $/kg 
represents the bu t t e r fa t and 0.30 $/kg the fat-free dry matter content. If we compare the 
price ratios for 1 kg butterfat and 1 kg fat-free dry matter , then 86 per cent of the price 
falls to the former and 14 per cent to the latter. But te r fa t is thus overpaid in the purchase 
price. The price ratio of butterfat to fat-free dry mat ter in the retail price is 63 : 37. This 
rat io corresponds exactly with the price ratio for bu t te r fa t and fat-free dry matter in retail 
milk in the major i ty of socialist and capitalist countries (13 countries), calculated using the 
price of retail bu t t e r (Table 2). 
When the dairy enterprises sett le their mutual accounts for dairy products the prices 
of butterfat and fat-free dry mat ter are calculated at a ratio of 60 : 40 per cent. 
Thus, there is every justif ication for developing a correct distr ibution ratio within the 
producers' and retail prices, based on useful matter content. 
Within the purchase price 
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the 60 : 40 ratio of value for butterfat and fat-free dry mat ter content should be 
approached; 
precise qual i ty requirements should be fulfilled and prices should be differentiated 
accordingly, since good, storahle products cannot be produced from poor quali ty raw materials; 
— the purchase price should be differentiated to a considerable extent on the basis 
of the microbiological quality (quant i ty of micro-organisms) and cell number . 
The high qual i ty of the raw7 material is a precondition for increasing both domestic 
consumption and exports . 
Л price system developed on the basis of the bu t t e r f a t content of milk naturally encour-
ages the producer to keep cows with a high capacity for butterfat production. There would 
be no objection to this, provided the consumption and marketing of bu t te r fa t rise in proportion 
to the production, and the conditions of domestic and possible foreign relation are ensured. 
However, long-term conditions do not seem to justify this. 
With a view to the efficient realization of the new government programme for cattle 
breeding greater a t ten t ion should be paid in the long run to the fat-free dry matter content 
of milk. It is also just i f ied by the rapid rate of increase of the amount of milk used for cheese-
making and powdered milk production. 
Within the fat-free dry ma t t e r content the proportion of milk proteins should he 
followed with increased attention, and in milks processed using a coagulation technique the 
casein should also be measured and evaluated. 
It is desirable to introduce a system in which 8.5 per cent is the minimum proportion 
of fat-free dry mat te r content acceptable, including at least 2.8 per cent casein. 
Unless increased attention is paid to these factors in the future, and milk production 
is co-ordinated with the interests of nat ional economy, it will he impossible to instigate health-
ier nutrition habits. Hungary is still far from being in a state when unsold supplies can be 
spoken of as "mounta ins of pow dered milk" , but steps mus t be taken towards purposeful long-
range planning and direction even in our present work. 
I t follows f rom the above tha t increased attention must be paid to the quality of milk. 
The technical conditions of milking, milk handling and cooling must therefore be fur ther 
improved. This requirement is well on the way to fulf i lment on the large dairy farms. The 
preservation of the high quality of milk should begin in the stable and must be ensured in the 
course of collecting and processing, r ight up to marketing. 
The purchase price of milk should be differentiated according to its two main groups 
of useful components. In Hungary the retail price represents a 60 : 40 per cent price ratio for 
Table 3 
Seasonal purchase prices of milk without bonuses (1973) 
Winter seuson Summer season 
(1.12 .40.4), (1.5 .10.11), 
$ / : i t . S/ l it . 
Basic purchase price of milk with 3.6% butterfat content 
(excluding bonuses paid for TBC-free, large farm and 
purity— tested milks) 0.08 0.07 
3.6% butterfat content at 0.0015 S/lit. per 0.1% 0.05 0.05 
Price of milk after deducting the price of butterfat f rom 
the basic price 0.03 0.02 
Price of 0.1% casein taking 2.7% casein content as basis 0 . 0 0 1 1 0.0007 
Deduction for each 0 .1% if the fat-free dry matter 
content is less than 8.5% 0.0005 0.0005 
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but ter fa t and fat-free dry mat ter . This price ratio should also he applied to the purchase 
prices, natural ly within the current price level. 
The purchase price of milk might he divided into two parts : one for the bu t t e r f a t and 
the other for the fat-free dry matter , including the casein content . 
Accordingly, if the bu t te r fa t content of the purchased milk were 3.6 per cent and the 
fat-free dry matter content 8.5 per cent (including at least 2.8 per cent casein), the producer 
would receive the present basic purchase price. If the butterfat or casein content of the milk 
delivered were higher than tha t , he would be given a premium of 1.2- 1.3 S/kg for but terfat 
and 1.3—1.5 S/kg for casein. 
Healthier nutrition involves a considerable increase in protein consumption. While 
an increased butterfat consumption is also justif ied, the main emphasis should still be laid on 
protein consumption. The long-range development of cattle rearing and breeding should 
therefore he directed towards this end. 
The current purchase price of milk gives too much encouragement to the breeders and 
producers to develop and maintain breeds giving milk with a higher butterfat content , and 
fails to give an incentive for protein production, although "all over the world, of all the com-
ponents of milk, the relationship between but te r fa t and milk protein arouses the greatest 
interest. The phenotypic correlation between the two properties is generally r = 0.3 0.4, 
which is somewhat lower t h a n the genotypic correlation r = 0.65. According to the results 
of these investigations a biological correlation must exist between butterfat and milk protein 
formation . . . The positive correlation between butterfat and milk protein is mostly based on 
the relationship between f a t content and casein content . . . The heritability of the but terfat 
and milk protein content of milk is of great importance to the breeder" (HORN 1973). 
Naturally, settling the price problem is only one of the w ays of approaching the subject, 
since the transportation and processing of milk with a lower useful matter content require 
a considerable cost input and extra energy, while resulting in a lower output. Therefore, in 
Holland and Denmark the introduction of a delivery price progressively increasing with the 
"concent ra t ion" of the milk is urged. 
It is in the interests of both the dairy industry and of agriculture that the long-range 
objectives of the national economy should he realised, particularly by the development of 
cattle breeding. 
* 
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LEACHING OF HEAVY T E X T U R E D SALINE SOIL 
WITH D I F F E R E N T QUALITY IRRIGATION WATERS 
It is a subject of interest to study the efficacy of the excess use of poor quality irrigation 
water in the desalinization of saline soil under limited drainage conditions. Various works have 
already been conducted on the use of saline water for reclaiming saline soils, noteworthy of 
which are those of TAYLOR et al. (1940, 1941) whose techniques, however, did not find 
successful applicability under all-Indian conditions. The relations between water quality 
and current and long-term problems of soil salinization were studied by LEATHER (1902) and 
TAYLOR et al. (1935) under certain conditions. 
In the coastal areas under study, saline river water is available in abundance during the 
postmonsoon periods of winter and summer when, otherwise, no crop is grown due to the lack 
of sweet water in a sufficient amount. The soils are silty clay-loam in texture and have poor 
drainability. Underground water is of poor quality and is present at a shallow depth. 
Saline river water was diluted to different proportions with the sweet water available 
to produce irrigation water of different qualities. These waters including the sweet water 
available were used in different amounts, equal to or in excess of the loss of moisture from the 
soil, as examined with a U. S. open pan Class 1 evaporimeter (P. E. T. value), and applied 
in plots of 2.5 m X 2.5 m borders lined by polythene sheets up to a depth of 60 cm. Wheat 
( "Kharch ia" ) was grown in each plot. Considerable damage to the crop took place due to a 
heavy infestation of " r u s t " at the time of flowering and hence the crop growth data cannot 
be presented. The various irrigation t rea tments were the combinations of the following factors 
of qual i ty and quanti ty of water: 
Quality 
1. 2 m.mhos/cm (sweet water) 
2. 4 m.mhos/cm 
3. 8 m.mhos/cm 
4. 12 m.mhos/cm 
Quantity 
1. 3 cm against 3 cm P. E. T. 
2. 5 cm against 3 cm P. E . T. 
3. 7 cm against 3 cm P. E. T. 
Different dates of irrigation were: 
(i) 19. 1. 73, (ii) 29. 1. 73, (iii) 9. 2. 73, (iv) 19. 2. 73 and (v) 28. 2. 73. 
Partial drainage facilities were provided due to the existence of one 1.0 in deep open 
surface drain on one side of the experimental block. The drain remained partially filled with 
water during most of the t ime. 
The depth of the water-table and the quality of the water in it were checked periodically 
for the experimental site and reported precisely along with the rainfall and the open pan 
evaporation data in Table 1. 
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Table I 
Depth and quality of water-table and meteorological data 
Water-table Meteorological data 
Month D e p t h 
( m ) . 
m o n t h l y 
average 
E. Ce o f w a t e r 
( m . m h o s / c m ) , 
m o n t h l y a v e r a g e 
Evaporat ion ( m m ) , 
monthly a v e r a g e 
(U. S. open p a n 
Class 1 e v ' p o r i -
meter) 
Rainfa l l 
m m ) 
da i ly 
Janua ry '73 1.10 13.45 2.99 Nil 
February '73 1.16 Not measured 3.91 11.8 (17) 
March '73 1.23 10.53 5.38 8.2 (2); 6.2 (3); 
2.2 (4); 16.2 (8); 
2.6 (13) 
Note : Figures in brackets under ra infa l l column indicate date. 
Soil samples were collected in 0—15 and 15—30 cm layers f rom each plot , immediately 
before and 72 hours af ter (assuming the downward movement of the water to h a v e practically 
ceased a t the end of this period) each i r r igat ion t rea tment (a few samples taken a t t h e beginning 
of t he experiment were omitted). The soils were analysed for electrical conduc t iv i ty values 
f rom the saturat ion ex t r ac t . 
The initial characterist ics of the soil are presented in Table 2. For each pa r t i cu la r quality 
of wa te r , different dep ths of irrigation wa te r were added. The changes in t he electrical 
conduct iv i ty values of the soil for 0—15 a n d 15—30 cm layers during each irr igat ion cycle 
are presented in Fig. 1. 
Wi th the increase in the concentra t ion of salts in the irrigation water t he salt concen-
t r a t ion in the soil increased both in 0—15 and 15—30 cm layers . This applies for all depths 
of appl icat ion of irrigation waters. 
In the case of every irrigation t r e a t m e n t , the concent ra t ion of salts increased at the 
surface 0—15 cm layer dur ing drying till t he next irr igation, with a corresponding decrease 
in the concentration in the 15—30 cm layer , showing a cont r ibut ion of salt f r om the 15—30 cm 
layer to the surface. In general, E. Ce va lues for both the 0—15 cm and the 15—30 cm layers 
t ended to increase within 72 hrs of d ry ing following each irr igation. With an increase in the 
Table 2 
Initial characteristics of soil 
Depth 
(em) 
C o n c e n t r a t i o n (me/1) E . Ce 
( m . m h o s / c m ) 
cj- C a + + C a + + X M g + + N a + 
0 - 1 5 15.6 12.0 37.0 43.4 7.02 
1 5 - 3 0 8.6 5.0 13.0 21.7 3.58 
30- 45 1 1.6 6.0 19.0 34.8 3.80 
4 5 - 60 12.6 8.0 21.0 50.0 6.43 
60 -75 15.6 13.6 40.0 60.8 10.22 
7 5 - 9 0 19.6 10.6 33.0 63.0 
— 
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Fig. 1. Periodic changes in E. Ce values of soil irrigated with different quality waters. Date 
of irrigation: (i) 9.2.73, (ii) 19.2.73, (iii) 28.2.73. (a) 2 m.mhos/cm, (b) 4 m.inhos/cm, (c) 8 
m.mhos/cm, (d) 12 m.mhos/cm 
amount of water applied, there was an increase in the amount of salts. Interestingly it was 
observed tha t in most cases in both layers a maximum build-up of salinity was noted with 
the application of 5 cm of water. In the case of using 12 m.mhos/cm irrigation water, 
however, the application of 3 cm water showed the highest build-up of salinity in both 
layers. This should be due to poor soil water conductivity. The saturated hydraulic conductivity 
of the soil was measured in situ (by the auger-hole method) as 3.0 cm/day. 
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In the case of using 12 m.mhos/cm irrigation water , the salts deposited in the upper 
layers of the soil became large enough to cause floeculation of the clay, which in turn increased 
the rate of flow of the water into the soil (BAVER 1956). Possibly, with this additional factor 
to influence the flow of water into the soil, a decrease in the concentration of salts in the soil 
was recorded, under existing conditions, with any increase in the amount of water applied 
beyond 3 cm. 
Though in some light textured soils the application of saline water was successful with 
regard to the leaching of salts, under the existing conditions of poor quality under-ground 
water-table, present at a shallow depth , i.e. under conditions of restricted drainage, a saline 
silty clay-loam soil portrays a different picture. The application of irrigation water, whether 
sweet (E. Ce 2 m.mhos/cm) or saline, shows a retention of salts in the soil, the extent of which 
increases with an increase in the amount of the total water applied, due to a greater quantity 
of salts poured in. When water is applied very much in excess, a decline in the tendency to 
re ta in salts is observed, probably due to a sudden jump in the rate of flow of the water. 
Hence, under conditions of impaired drainage, the application of irrigation water, 
especially when the lat ter is of poor quali ty, increases the rate of salinization of this coastal 
saline soil. The efficiency of leaching may probably be increased manyfold with the creation 
of sufficient drainage facilities. 
* 
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E X P E R I M E N T S W I T H CLAVICEPS P U R P U R E A INOCULA 
CONTAINING ALKALOIDS IN D I F F E R E N T QUANTITIES 
Ergot, the Sclerotium of the Claviceps purpurea (Fr.) Tul. fungus, developed on the rye 
p lant , is an important pharmaceutical raw material. The collection of wild-grown Claviceps 
purpurea for the pharmaceutical industry means that the material changes in quantity and 
qual i ty from year to year. It has become necessary, therefore, to produce a larger quantity 
of Claviceps purpurea of adequate uniform quality. 
For the artificial infection of rye the ascospores of Claviceps purpurea, the diluted honey-
dew, or conidiospores grown on a culture medium can be used. For preparing larger quantities 
of inocula only the la t ter can be taken into account. 
In Hungary larger dimension field inoculations have been carried out since 1950 with 
cultures grown on a malt-agar culture medium (with 8—10 per cent sugar content) suggested 
by BÉKÉSY (1955). Until 1952 the conidia were grown in Petri-dishes, then in " R " * kolle bottles 
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introduced by ROMÁN (1950); since 1955 we have been growing t h e m in "T"* bottles as sug-
gested by Soós. 
The cultures have to be prepared in the 12 weeks preceding the inoculation, because 
senescent spores are not suitable for infection any more. DIM-ZAJEC—MASTNAK (1951) found 
cultures not more than 4 weeks old best fitting for infecting rye with. According to the investi-
gations of Soós (1969) cultures stored for 12 weeks at room tempera ture yielded well too. 
For inoculations in 1974 the Herbaria Co-operative Enterprise for Medicinal Plant 
Trade ordered 160,000 and the Kőbánya Pharmaceutics Factory 80,000 " T " bottle cultures. 
Owing to a shortage of autoclave capacity our Enterprise only under took the preparat ion 
of 200,000 " T " bottle cultures. The production of this quantity took 17 weeks, therefore on 
the advice of Miklós Békésy we incubated the cultures for 6 weeks a t 28°C then stored them 
in refrigerators at 9°C for 11 weeks. We have no literary data concerning the preparation of 
the inoculum and its storability in refrigerators for such long periods. The aims of our investi-
gations were therefore as follows. From strains containing ergotamine (hereafter Ta.) and ergo-
toxine (Tox.), sent by the Research Institute for Medicinal Plants for the purpose of producing 
inoculum, we wished to select the ones with the best spore numbers, to examine both the change 
in the number of spores and the germinative ability (for 6 weeks at 28°C, then for a fur ther 
11 weeks in a refrigerator at 9°C) in inocula propagated on an agar surface, and - f inal ly 
to study in field trials the virulence of the inoculum, the amount of ergot produced and its 
total alkaloid content. 
In the experiments ergotamine- and ergotoxine-containing strains, received f rom the 
Research Inst i tu te for Medicinal Plants for ergot production in 1974, were examined by single 
grain analysis using layer chromatography. Of the test-tube cultures s t rains 10 Ta. and 10 Tox., 
which gave the highest number of conidia, were chosen and multiplied in " T " bottles filled 
with malt-agar culture medium. For the inoculation of the surface 5 cm 1 inoculum containing 
5,000 conidia per mm3 was used. After inoculations the bottles were placed in a thermosta t 
at 28°C, and the cultures were used for inoculum production after 21 days of incubation. Of 
each of a total of 5 production numbers, 4,000 " T " bottle cultures were made. The number of 
conidia was determined on the surface of 5 " T " bottles for each production number, in the 
following way: the spore content of the " T " bottle was diluted with 1,000 ml water and mixed 
for 5 minutes in a mechanical shaker; then the number of conidia was determined in a Biirker-
chamber. The conidiuin numbers given in Figs 1 and 2 are the ar i thmetical means of 5 " T " 
bottles per t rea tment . The numbers obtained in the Biirker chamber showed — according to 
our experiences — a dispersion of + 1 5 % . 
Table 1 
Rye infection experiments with inocula of strains containing ergotamine and 
ergotoxine 
Spore n u m b e r in 
Strain T i m e of suspens ion used Yie ld , content, 
inocu la t ion for rye i n f e c t i o n , k g / h a 
t h o u s a n d / m m 3 
With ergotamine П May 10 106.67 0.46 
With ergotoxine 11 May 10 105.83 0.40 
L . S . I ) . 5 % 1 5 . 3 3 
* The " R " kolle bottle is a 1,000 ml capacity bottle very like the kolle test tube, while 
the " T " bottle is a flat bottle of the same capacity. 
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The germinative ability of the conidia was determined: a ) in a drop suspension on 
the basis of germinative ability a t 27°C, and h) on an agar surface by the method of 
К Y BAL et al. (1955). The essence of the latter, with the completion made by us, is the 
following: to the culture medium containing 1 per cent malt extract tve added 3 per cent agar 
and after boiling sterilized it for 10 minutes at an atmospheric pressure of 1.5. After sterili-
zation. 15 ml cul ture medium Avas pipetted into each of the 10 cm Petri-dishes. The 1'etri-
















Fig. 1. C h a n g e s i n t h e a m o u n t of c o n i d i a d u r i n g 1 7 Aveeks of s t o r a g e . T a . 1 Ta . 5 i n o c u l u m 
of p r o d u c t i o n n u m b e r s I 5 c o n t a i n i n g e r g o t a m i n e 
w e e k 1 2 3 4 S 6 7 S 9 TO LL 12 I3 M I5 It I7 
time of incubation^ time of storage 
at 28 °C ~ ~ a t 9°C 
On the fif th day the Petri-dishes were inoculated in the following Avay: the content of each 
of the " T " bot t les Avas mixed wi th 500 ml physiological water in a mechanical shaker and 
diluted ten- and a hundredfold. To the physiological water used for dilution, 2000 у/ml pen 
icillin and 200 у/ml streptomvcin were added. F r o m this diluted suspension 1 ml Avas ap-
plied to each of the agar surfaces. For each dilution 2 Petri-dishes were surface inoculated, 
and the suspension evenly dis t r ibuted with a glass-rod. The Petri-dishes were kept a t 28°C, 
and after 24 and 36 hours the germinative ability of the conidia was judged by counting them 
in 20 visual fields in tv\o diagonal directions in the microscope and taking the average. 
The small plot field trial was carried out in spring 1974 at the Univ ersity of Agricultural 
Sciences, Gödöllő, in the middle of the rye field of the Model Farm, 011 plots of 5 X 6 in 30 m2. 
The trials were laid out in a La t in square design, with 4 replications for both the Та. and 
Tox. strains. 
Inoculation was carried ou t on 11th May 1974, because according to the data 
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of BÉKÉSY (1956) it is the most efficient when the tip of the rye ear has emerged f rom the leaf 
sheath. The spore suspension used for inoculation was prepared by stirring t he contents of 
each " T " bottle for 5 minutes in a mechanical shaker. The infectious fluid contained lOxlO3 
spores per mm3. Inoculation was carried out using manual infecting laminae as described by 
BÉKÉSY (1947). Collection was made by hand . 
Changes in the n u m b e r of conidia (during 17 weeks) are seen in Figs 1 and 2. Both 
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Fig. 2. Changes in the a m o u n t of conidia during 17 weeks of storage. Tox. 1 Tox. 5 =inoc-
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Fig. 3. Germination of conidia 
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under the described conditions, and used for inoculation in the field, since the decrease in the 
number of conidia did no t exceed fifty per cent . We wish to mention that the g rowth of conidia 
agrees with the course of the well-known growth curves, b u t it is remarkable t h a t in the first 
and even second week of storage at 9°C the detachment of spores continues, a n d it is only then 
t h a t the cultures enter the phase of s tagnat ion or destruction. 
The germinative ability of the conidia was determined by the method, as we considered 
it more adequate t h a n the drop suspension. The percentage trend of germinat ive ability is 
seen in Fig. 3, which shows that the Claviceps purpurea inoculum can be safely stored for 
17 weeks (6 weeks a t 28°C and a fu r ther 11 weeks at 9°C), since the germinative ability did 
not considerably decrease after this t ime. 
Studies on virulence in the field pointed out that t he two inocula resulted in identical 
amounts of yield - 106 kg/ha —, and the re was no substant ia l difference in t he total alkaloid 
content either. 
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POSITION O F MAIZE IN T H E ROTATION 
I I . EFFECT OF PRECEDING W I N T E R CROPS AND NITROGEN FERTILIZATION 
ON EAR CHARACTERS OF MAIZE 
Corn, Zea mays L., is an impor t an t cereal crop in Egypt. The to ta l area of this crop 
was 631,830 hectares and the to ta l production 2,393,000 tons in 1970. I t is a nitrogen 
loving crop which responds well to high nitrogen levels. 
Many investigators were interested to study the effect of preceding crops on the yield 
and yield components of succeeding ones. SHAKMA—SINGH (1969) concluded that increases 
in the grain yield of maize after legumes and after applying nitrogen were ascribed to increases 
in grain test weight, weight of grain per ear and ear length. 
The effect of nitrogen on the yield components of maize has been studied by many 
investigators. HUSSEIN (1958) found t h a t the number of ears per plant, number of rows per ear, 
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ear length, ear weight, weight of kernels per ear and 1000-kernel weight increased as the 
nitrogen level increased. RAI (1961) reported tha t the number of ears, 1000-kernel weight and 
number of grains per ear increased with increasing nitrogen level from 0 to 85 kg per hectare. 
The application of nitrogen to maize resulted in an increase in length and diameter of ear 
(HUSSEIN 1968). Average ear weight increased with increase of applied nitrogen (GAVAO et al. 
1969). Nitrogen had a significant effect on ear weight, ear length , number of kernels per row, 
number of kernels per ear and weight of kernels per ear (KHALIFA 1970). 
This study was in tended to investigate the effect of preceding winter crops as well as 
the different rates of ni trogen fertilizer on the ear characters of the maize p lant , which are 
directly related to the yield. 
Materials and methods are given in detail in the first paper concerning this research 
(HUSSEIN et al. 1973). In th is study the following data were recorded: Ear length, ear diameter, 
ear weight, number of rows per ear, number of kernels per row, number of kernels per ear and 
weight of kernels per ear. D a t a were determined from the average of a 10 ears sample, taken 
at random, from each sub-plot . 
1. Ear length. Da ta on the ear length of maize plants as influenced by preceding crop 
and N fertilizer are shown in Table 1. 
Effect of preceding crop. Preceding crop showed significant effect on ear length. Ears 
after legumes were significantly longer t h a n those after non-legumes. Ears of maize plants 
after berseem were 0.23, 1.20, 1.35 and 1.37 cm longer than those after field beans, barley, 
wheat and flax, respectively. Significant differences were only found in ear length af ter legumes 
and non-legumes as two dist inct groups. 
I t could be concluded tha t legumes as preceding crops had bet ter effect on the ear length 
of succeeding maize plants as compared wi th non-legumes. This result might be due to the 
good residual effect of legumes and agrees wi th those obtained by SHARMA—SINGH (1969). 
Effect of nitrogen level. Ear length increased significantly as the N level increased. 
Increases of 2.39 and 3.95 cm over the control were obtained due to the application of 74 
and 148 kg N per hectare, respectively. This result might be a t t r ibu ted to the effect of N in 
increasing vegetative growth and meristemic activity in maize plants. Similar results were 
o b t a i n e d b y H U S S E I N ( 1 9 5 8 ) , H U S S E I N ( 1 9 6 8 ) , S I I A R M A - S I N G H ( 1 9 6 9 ) a n d K H A L I F A ( 1 9 7 0 ) . 
Interaction : preceding crop X nitrogen. The effect of the interaction preceding crop X 
nitrogen on the ear length of maize plants was not significant. 
2. Ear diameter. Da ta on ear diameter as influenced by preceding crop and N fertilizer 
are shown in Table 2. 
T a b l e 1 
Mean ear length in cm 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen 
k g / h e 
Preceding w i n t e r crop 
M e a n 
Flax W h e a t B a r l e y Beans Berseem 
0 1 4 . 8 2 1 4 . 7 0 1 5 . 2 6 1 7 . 0 1 1 7 . 0 8 1 5 . 7 7 a 
7 4 1 7 . 8 2 1 7 . 6 7 1 7 . 8 1 1 8 . 6 5 1 8 . 8 5 1 8 . 1 6 b 
1 4 8 1 9 . 5 0 1 9 . 7 0 1 9 . 4 5 1 9 . 7 8 2 0 . 1 9 1 9 . 7 2 с 
Mean 1 7 . 3 8 1 7 . 3 6 1 7 . 5 1 1 8 . 4 8 1 8 . 7 1 1 7 . 8 9 
a a a b Ь 
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T a b l e 2 
Mean ear diameter, in mm 
(Combined analysis of 1969, 1970 and 1971 seasons) 
N i t r o g e n , 
k g / h a 
P r e c e d i n g winter crop 
Mean 
F lax Wheat Bar ley B e a n s Berseem 
0 38.61 38.71 38.67 41.07 41.07 39.62 a 
74 42.07 42.06 41.84 41.54 42.31 41.96 h 
148 43.01 43.41 43.09 43.50 43.90 43.38 с 
Mean 41.23 41.39 41.20 42.04 42.43 41.65 
a a a a a 
Effect of preceding crop. Ear d iameter after legumes w as greater t h a n tha t after non-
legumes, without significant differences. E a r diameter af ter berseem was 0.39, 1.04, 1.20 and 
1.23 m m greater than tha t after field beans , wheat, f lax and barley. 
Effect of nitrogen level. The ear d iameter of maize plants increased significantly as the 
N level increased. The application of 74 and 148 kg N per hectare increased ear diameter by 
2.34 and 3.76 mm over the control. 
In conclusion, N increased the ear size of maize through increasing the length and 
diameter of the ear. These results might he attributed to the effect of N on the growth and 
meristemic activity of maize. Similar resul ts were obtained by H U S S E I N (1968). 
Interaction : preceding crop X nitrogen. The effect of the interaction between preceding 
crop and N on ear diameter was significant. The effect of preceding crop oil ear diameter was 
more clear where no N was applied. As t he N level increased, this effect decreased. For example, 
ear diameter after berseem was 2.46 m m (6.3%) greater than that after f l ax at the lowest 
level of N. This difference was only 0.89 mm (2.0%) at the highest N level. 
On the other hand , ear diameter showed higher response to N as maize followed non-
legumes. For example, the application of 148 kg N per hectare increased ear diameter over 
the control by 4.40 m m (11.4%) after f l ax , and by 2.83 m m (6.9%) after berseem. 
3. Ear weight. Data on the ear weight of maize as influenced by preceding crop and N 
fertilizer are shown in Table 3. 
Table 3 
Mean ear weight, in grams 
(Combined analysis of 1969. 1970 and 1971 seasons) 
N i t r o g e n , 
k g / h a 
P r e c e d i n g winter crop 
Mean 
F lax Wheat Barley B e a n s B e r s e e m 
0 109.33 105.98 117.04 136.09 147.21 123.13 a 
74 154.80 152.78 152.82 161.03 171.83 158.65 b 
148 182.29 187.12 182.07 166.42 180.95 179.77 с 
Mean 148.81 148.63 150.64 154.51 166.66 153.85 
a a a a a 
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Effect of preceding crop. The ear weight of maize plants a f te r berseem was higher than 
that after all other preceding crops without significant differences. The ear weight after 
berseem was 12.15, 16.02, 17.85 and 18.03 grams greater than t h a t after field beans, barley, 
flax and wheat , respectively. 
In conclusion, berseem as preceding crop had better effect on ear weight as compared 
with other preceding crops. However, this effect failed to reach the level of significance. 
Effect of nitrogen level. The ear weight of maize increased significantly as t he N level 
increased. The application of 74 and 148 kg N per hectare increased ear weight significantly 
by 35.53 and 56.64 grams over the control, respectively. 
This result is expected since N increased ear length and ear diameter, and agrees with 
t h o s e o b t a i n e d b y H U S S E I N ( 1 9 5 8 ) , G A L V A O et al. ( 1 9 6 9 ) a n d K H A L I F A ( 1 9 7 0 ) . 
Interaction : preceding crop X nitrogen. The effect of preceding crop X nitrogen interaction 
on ear weight was significant. The effect of preceding crop on ear weight reached its maximum 
where no N was applied: for example, ear weight after berseem was 37.88 grams higher than 
that after f lax at the control level. As the N level reached 148 kg per hectare, the ear weight 
after flax was 1.34 grams higher than that a f t e r berseem. On the other hand, the effect of N 
on ear weight was more pronounced wdtere maize followed non-legumes. For example, the 
application of 148 kg N per hectare increased ear weight over the control by 33.74 grams 
(22.9%) af ter berseem, and 72.96 grams (66.9%) after flax. 
4. Number of rows per ear. Data for the number of rows per ear as influenced by preced-
ing crop and N fertilizer are shown in Table 4. 
Effect of preceding crop. Preceding crop had no significant effect on number of rows 
per ear. I t seems that the number of rows per ear is genetically determined and is no t greatly 
influenced by environmental conditions. 
Effect of nitrogen level. Number of rows per ear increased significantly due to the appli-
cation of N. The application of 148 kg N per hectare increased the number of rows per ear 
significantly over the control, while the level of 74 kg N per hectare failed to cause significant 
increase. Numbers of rows per ear were 13.03, 13.33 and 13.50 for the N levels of 0, 74 and 
148 kg per hectare respectively. 
The effect of N in increasing the number of rows per ear might be a t t r ibuted to the 
increase in meristemie activity. Similar results were obtained by HUSSEIN (1958). 
Interaction: preceding crop X nitrogen. The effect of the interaction between preceding 
crop and N on the number of rows per ear was not significant. 
5. Number of kernels per row. Data on t he number of kernels per row as influenced by 
preceding crop and N fertilizer are shown in Table 5. 
T a b l e 4 
Mean number of rows per ear 
(Combined analysis of 1969. 1970 and 1971 seasons) 
Nitrogen, Preceding w i n t e r e rop 
Mean kg'ha 
F lax W h e a t B a r l e y Beans Berseem 
0 13.07 12.65 13.14 13.26 13.06 13.03 a 
74 13.58 13.40 13.54 13.01 13.14 13.33 ab 
148 13.65 13.48 13.48 13.30 13.59 13.50 b 
Mean 13.43 13.18 13.39 13.19 13.26 13.29 
a a a a a 
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Table 5 
Mean number of kernels per row 
(Combined analysis of 1969. 1970 and 1971 seasons) 
Nitrogen, Preceding winter crop 
' KG/H« ' Flax Wheat Barley Beans Berseem 
Mean 
0 3 1 . 5 2 32 .28 32.19 3 6 . 9 6 3 6 . 0 1 33 .79 a 
7 4 3 7 . 8 5 37 .62 38.77 4 0 . 2 9 4 1 . 1 3 39 .13 b 
148 4 2 . 3 8 42 .54 42.43 4 3 . 8 0 4 2 . 6 5 42.76 С 
Mean 3 7 . 2 5 37 .48 37.80 4 0 . 3 5 3 9 . 9 3 38.56 
a a a b b 
Effect of preceding crop. Preceding crop had significant effect on the number of kernels 
per row. The number of kernels per row after legumes exceeded significantly that after non-
legumes. Numbers of kernels per row af ter field beans were 0.42, 2.55, 2.87 and 3.10 greater 
t h a n those after berseem, barley, wheat and flax, respectively. Significant differences were only 
found in number of kernels per row af te r legumes and non-legumes as two distinct groups. 
This result is logical since ear length was significantly influenced by preceding crop. 
Effect of nitrogen level. Number of kernels increased significantly as the N level increased. 
The application of 74 and 148 kg N per hectare increased significantly the number of kernels 
per row by 5.34 and 8.97, respectively over the control. This result is expected since N increased 
significantly the ear length of maize, and agrees with those obtained by HUSSEIN (1958) and 
KHALIFA (1970) . 
Interaction : preceding crop X nitrogen. The effect of the interaction between preceding 
crop and N fertilizer on the number of kernels per row was not significant. 
6. Number of kernels per ear. D a t a for the number of kernels per ear as influenced by 
preceding crop and N fertilizer are shown in Table 6. 
Effect of preceding crop. The number of kernels per ear after legumes was higher than 
t h a t after non-legumes, without significant differences. Number of kernels per ear after field 
beans was 0.51, 28.60, 33.14 and 36.04 higher than t h a t after berseem, barley, flax and 
wheat , respectively. 
T a b l e 6 
Mean number of kernels per ear 
(Combined analysis of 1969. 1970 and 1971 seasons) 
Nitrogen, Preceding winter erop Mean kg/ha Flax Wheat Barley Beans Berseem 
0 4 1 2 . 2 1 410 .20 422.11 4 8 5 . 0 1 4 6 5 . 8 3 439 .07 a 
74 5 1 4 . 5 5 498 .95 523.25 5 2 9 . 3 8 5 3 9 . 7 1 521.17 b 
148 5 6 4 . 9 9 573 .83 559.92 5 7 6 . 7 3 5 8 4 . 0 4 571 .90 с 
Mean 4 9 7 . 2 3 
a 




5 3 0 . 3 7 
a 
5 2 9 . 8 6 
a 
510 .71 
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Table 7 
Mean weight of kernels per ear, in grams 
(Combined analysis of 1969, 1970 and 1971 seasons) 
Nitrogen, Preceding winter crop 
Mean kg /ha 
Flax Wheat Bar l ev Beans Berseem 
0 9 1 . 9 4 9 0 . 3 3 1 0 0 . 2 0 1 1 3 . 6 2 1 2 5 . 7 1 1 0 4 . 3 6 a 
7 4 1 3 2 . 4 9 1 2 8 . 9 3 1 3 0 . 9 2 1 3 5 . 9 2 1 4 7 . 0 8 1 3 5 . 0 7 b 
1 4 8 1 5 3 . 8 3 1 5 6 . 2 8 1 5 4 . 9 2 1 4 2 . 0 6 1 5 4 . 0 3 1 5 2 . 2 2 с 
Mean 1 2 6 . 0 9 1 2 5 . 1 8 1 2 8 . 6 8 1 3 0 . 5 3 1 4 2 . 2 7 1 3 0 . 5 5 
a a a a b 
Effect of nitrogen level. The number of kernels per ear increased significantly as the N 
level increased by 82.10 (18 .7%) and 132.83 (30.2%) over the control due to the application 
of 74 and 148 kg N per hectare, respectively. 
This result is expected since N increased significantly ear length, ear diameter, ear 
weight, number of rows per ear and number of kernels per row. Similar results were obtained 
b y H U S S E I N ( 1 9 5 8 ) , R A I ( 1 9 6 1 ) a n d K H A L I F A ( 1 9 7 0 ) . 
Interaction: preceding crop y nitrogen. The effect of the interaction between preceding 
crop and N on number of kernels per ear was not significant. 
7. Weight of kernels per ear. Data on the weight of kernels per ear as affected by preced-
ing crop and N fertilizer are shown in Table 7. 
Effect of preceding crop. Berseem was significantly superior to all other preceding crops 
in its effect on weight of kernels per ear w hich was 11.74, 13.59, 16.18 and 17.09 grams higher 
than t h a t after field beans, barley, flax and wheat, respectively. 
This result is logical since ear weight a f ter berseem was considerably higher than that 
after all other preceding crops. 
Effect of nitrogen level. Weight of kernels per ear increased significantly as the N level 
increased. The application of 74 and 148 kg N per hectare increased significantly the weight 
of kernels per ear by 30.73 and 47.88 grams, respectively over the control. 
This result is expected since N increased significantly ear weight, number of kernels 
per ear, number of kernels per row, ear length and ear diameter. Similar results were obtained 
b y H U S S E I N ( 1 9 5 8 ) , S H A R M A - S I N G H ( 1 9 6 9 ) a n d K H A L I F A ( 1 9 7 0 ) . 
Interaction: preceding crop X nitrogen. The effect of the interaction between preceding 
crop X ni trogen on weight of kernels per ear was significant. The effect of preceding crop on 
weight of kernels per ear was very clear a t the control level. As the N level increased this 
effect was greatly minimized. For example, the weight of kernels per ear after berseem ex-
ceeded t h a t after flax by 33.77 grams (36.7%) at the control level, and by 0.20 grams (0.13%) 
at the highest N level. 
On the other hand, the application of 148 kg N per hectare increased weight of kernels 
per ear by 28.32 grams (22%) after berseem and by 61.89 grams (67%) after f l ax . 
* 
Prepared at the Facul ty of Agriculture, Cairo University, Cairo; Higher Ins t i tu te of 
Agriculture, Moshtohor. 
M . A . H U S S E I N , M . S . K A M E L , S . E . S H A F S A K , M . S . SALEM 
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FRUCTIFICATION IN SOME SOUR CHERRY V A R I E T I E S AND HYBRIDS 
In Hungary, Pándy meggy, and various types of Cigány meggy used as pollen donors, 
are the most wide-spread sour cherries, other varieties have hardly been grown. One of the 
major obstacles to the extension of sour cherry production was that Pándy meggy yielded 
very poorly in certain years. 
The variety P á n d y meggy is completely self-sterile. Even when planted with suitable 
pollen donor varieties it is not every year that it gives a quan t i ty of fruit corresponding to the 
size and condition of the tree. Pándy meggy trees have not much pollen: the pollen grains stick 
together and are highly irregular. In certain years the macrospore shows a deficient fertility-
even in the case of abundan t pollination, which leads to an excessive zygotic sterility and a 
drop in the yield. Late flowering is also an obstacle to interpollination in Pándy meggy. 
The research work was concerned first of all with the selection of pollen partners for 
Pándy ineggy and wi th clone selection ( M A G Y A R 1935, M A L I G A 1942. 1944, 1953. 1954, 1970, 
H u s z 1943, M I G E N D 1964, N Y Ú J T Ó 1966. 1967, BRÓZIK 1968, 1969. BRÓZIK et al. 1974, N Y É K I 
1974b, T A M Á S S Y et al. 1974, 1975). According to the results of our investigations late flowering 
cherry varieties, some Cigány meggy types and sour cherry varieties are the best pollen 
donors for the variety Pándy meggy. 
Pollen donor varieties recommended on the basis of fructification studies did not solve 
the problem of reliable production in the variety Pándy , therefore new varieties had to be 
developed as well. In Hungary a systematic breeding work by crossing was started in Pándy 
meggy by Maliga in 1950. and in other sour cherry varieties by Tamássy in 1954. A parallel 
selection of the P á n d v clone and Cigány meggy populations and clones is being continued. 
As a result of breeding by crossing and of selection a considerable number of new sour cherry-
varieties and clones have been introduced in commercial production (e.g. Érdi bőtermő, Erdi 
nagygyümölcsű, Meteor korai, Favori t , Késői Pándy, Cigánymeggy 60. Lljfehértói fürtös). 
In earlier papers we analysed self- and cross-pollination in sour cherry varieties and 
hybrids ( T A M Á S S Y et al. 1974. 1975). In the present paper the following questions are ex-
amined: 
I. What tendency is there towards self-pollination in the sour cherry varieties Early 
Richmond —502 and Montmorency—501. and the prospective varieties Hybrid 105/5 and 
Hybr id -106 /6? 
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2. To what percentage are the selected Pándy meggy clones (P— 1, P— 8, P—279; 
P—7, P—10— 1, P— 25, P— 26, P— 48, P - 1 4 1 ) and self-steril Cigánymeggy types (Török-
meggy, Cigánymeggy—60) fertilized by the sour cherry varieties Ear ly Richmond—502 and 
Montmorency—501 and the prospective varieties Hybrid—105/5 and Hybrid -106/6? 
The know-ledge of self- and cross-pollination not only offers a possibility of selecting 
varieties and clones with the highest possible product ivi ty and production reliability, bu t also 
provides a basis for evaluating the existing sour cherry varieties, producing new ones and 
studying the course of transmission. 
Fructification studies were carried out f rom 1971 to 1974 par t ly on the Szigetcsép 
experimental area of the Depar tment of Plant Genetics and Breeding at the University of 
Horticulture, in a sour cherry var ie ty collection and hybrid plot planted in au tumn 1965 
and 1967, at a spacing of 6 X 4 m with trees of medium high trunk, crown shaped with a leader 
and Prunus mahaleb seedlings as root-stock, and par t ly at the Erd-Elvira Station of the Horti-
cultural Research Institute in a variety collection planted in a u t u m n 1955 at a spacing of 
8 X 8 m with trees of medium high t runk , crown t ra ined with a leader, graf ted to Prunus mahaleb 
stocks. 
In order to throw light on the question of self-pollination the following examinations 
were performed: 
Isolation without artificial pollination. Closed flower buds were counted and isolated 
without artificial pollination up to the end cf f lower shedding. In this treatment pollination 
can take place only inside the isolator. 
Isolation, artifical pollination with the variety's own pollen. Flowers isolated when the 
buds had all opened in the isolators, were pollinated with their own pollen and kept in the 
isolators till the end of flower shedding. 
Cross-pollination (search for pollen donors). The fertilizing abil i ty of pollen f rom the 
would-be pollen doners ran or.ly be assessed if the flowers' own pollen is prevented f rom 
reaching the stigma. In self-sterile sour cherry varieties and clones the flowers were not cas-
t ra ted before being pollinated with the pollen of the chosen pollen donor varieties. 
In the course of fructification studies the flower buds were isolated with waterproof 
parchment bags measuring 25 X 25 cm to exclude the possibility of cross-pollination. Pollen 
was collected and pollination carried out with the method described by N Y É K I ( 1 9 7 5 ) . The 
fructification percentage was determined on the basis of 5 — 35 f rui ts per combination, set in 
an isolator. 
The number of flowers per isolator pollinated in each treatment was 20—150 depending 
on the variety (clone). Fruit sett ing was evaluated on three occasions: af ter "cleaning" and 
" r e d " fruit drop and at the time of ripening. This paper presents the percentage of fruit set t ing 
(of ripe fruits). 
Self-pollination. Self-pollination of sour cherry varieties and hybr ids is seen in Table 1. 
Percentage fruit setting in the ease of natural au togamy was 0.3—19.5 per cent, while with 
clone-geitonogamic pollination it ranged between 27.6 and 30.8 per cent . 
On the basis of percentage f ru i t setting we divided the sour cherry varieties into three 
groups ( N Y É K I 1974a, T A M Á S S Y et al. 1975). Fruit set t ing is above 5 per cent in self-pollinating 
varieties, ranges f rom 1.1 to 5.0 per cent in partially self-pollinating ones and is between 0 
and 1.0 per cent in self-sterile varieties. According to the percentage of f rui t setting resulting 
f rom natural autogamic and clone-geitonogamic pollination the examined varieties (Ear ly 
Richmond—502 and Montmorency—501) and prospective varieties (Hybrid—105/5 and 
Hybrid—106/6) were self-fertile. 
Clone-geitonogamic pollination increased the percentage of frui t set t ing in the prospec-
tive varieties Hybrid—105/5 and Hybrid—106/6 compared to natural autogamy. Fruit sett ing 
was 18.5 and 19.5 per cent higher in 1971 and 1972 respectively in Hybrid—105/5, and 20.1, 
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Table 1 
Self-fertility in sour cherry varieties and hybrids 
(1971 -1973," Szigetcsép) 
Natura l a u t o g a m y Clone-geitonoga mic poll inat ion 
V a r i e t y Y e a r 
number of 
isolated flowers 
f r u i t setting, 
о/ 
n u m b e r of 
pol l inated 
f lowers 
f ru i t se t t ing , 
% 


















Hybrid 105/5 1971 142 9.1 253 27.6 
1972 122 8.2 167 27.7 
1973 863 0.0* 241 0.0* 
Hybrid—106/6 1971 138 10.1 225 30.2 
1972 144 15.9 337 30.8 
1973 349 0.3 159 28.3 
* In 1973 the flowers got frost-bitten. 
15.3 and 28.0 per cent higher in 1971, 1972 and 1973 respectively in Hybrid—106/6, t h a n in 
the case of na tu r a l autogamy. 
Cross-pollination. When choosing the pollen donor varieties the t ime of flowering mus t 
also be taken into consideration. I t is an impor tan t requirement t h a t the flowering t ime of 
the pollen donor variety should overlap, and its main blossoming coincide with the flowering 
period of the var ie ty to be pollinated. Only varieties belonging to the same or adjacent flower-
ing-time groups are suitable to be pollen donors. 
Major sour cherry and cherry varieties (clones) have been grouped according to the time 
of mass flowering (BRÓZIK 1968, 1969, BKÓZIK et al. 1974, N Y É K I 1974a, b). In the present 
paper the sour cherry varieties, clones and hybrids are divided into three groups of flowering 
times (early, medium and late) on the basis of observations made a t Szigetcsép (Table 2). 
Fruit setting in Pándy meggy clones. The pollination of P á n d y meggy clones by sour 
cherry hybrids is shown in Table 3. According to the results of our investigations bo th sour 
cherry hybrids proved to be good pollen donors for the Pándy meggy clones. Hybrid—105/5 
produced 19.1 — 26.1 per cent, Hybrid—106/6 23.7—31.2 per cent f ru i t setting in the clones 
examined. 
The results of pollination of Pándy meggy clones by sour cherry varieties and hybrids 
are seen in Table 4. The data of Table 4 confirm the results of observations made at Szigetcsép 
(Table 3), namely , that the sour cherry hybrids 105/5 and 106/6 are very good pollen donors 
for the P á n d y meggy clones examined: with their pollen a high percentage of fruit set t ing can 
be attained. The pollen of Hybrid—105/5 produced 3.8—23.4 per cent , tha t of Hybrid—106/6 
3.3—30.3 per cent fruit setting in the different P á n d y meggy clones. 
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Table 2 
Sour cherry varieties, clones and hybrids grouped by the time of flowering 
(1971 — 1974, Szigetcsép) 
Group of f l o w e r i n g t ime 
early m e d i u m la te 
Ear ly Richmond 502 Montmorency - 501 Pándy meggy (irradiated) 
P á n d y meggy—8 Hybrid 106/6 Pándy meggy—4 
P á n d y meggy—1 Hybrid 105/5 Pándy meggy—279 
Pándv meggy - 5 Schattenmorelle 
Pándy meggy 114 
Table 3 
Fructification induced by sour cherry hybrids in Pándy meggy 
(1971-1973, Szigetcsép) 
S 
S Y e a r Hybr id - 1 0 5 / 5 Hybr id — 106/6 
P á n d y meggy (commercial) 1971 115 : 23.4 
1972 153 : 22.8 187 : 31.0 
1973 180 : 26.1 192 : 31.2 
P á n d y meggy — 1 1972 165 : 21.2 144 : 25.0 
P á n d y meggy - 8 1972 189 : 26.1 
1973 130 : 23.1 129 : 28.6 
P á n d y meggy -279 1972 147 : 21.1 
1973 215 : 19.1 232 : 23.7 
Note: the first figure represents the number of pollinated stigmae, the second is the 
percentage of fruit setting. 
The sour cherry varieties Early Richmond—502 and Montmorency—501 proved to be 
equally good pollen donors. 
Fruit setting in Cigány meggy types. The fructification induced by sour cherry varieties 
and hybrids in self-sterile Cigány meggy types (Török meggy, Cigány meggy—60) is shown in 
Table 5. The sour cherry varieties Early Richmond —502 and Montmorency—501, and the 
sour cherry hybrids 105/5 and 106/6 were not found to be good pollen donors for the Cigány 
meggy types examined, as indicated by the low percentages of frui t setting. 
Clone-geitonogamic pollination increased the percentage of frui t setting in self-fertile 
sour cherry varieties and hybr ids compared to na tu ra l autogamy. This suggests tha t without 
an intermediary (bee, wind) the amount of pollen reaching the stigma is not always enough. 
It is therefore better to place bee families in the orchard during the time of flowering even in 
the case of self-fertile varieties. 
Early Richmond 502, Montmorency—501 and the sour cherry hybrids 105/5 and 106/6 
induced a vary ing extent of f ru i t setting in the sour cherry varieties (clones and types), proved 
to be good pollen donors for the Pándy meggy clones and unsuitable for the Cigány meggy 
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Table 4 
Fructification induced by sour cherry varieties and hybrids in Pándy meggy clones 
(1973 ' 1974, Érd-Elvira) 
9 
Year Hybrid - 1 0 5 / 5 Hybr id - 1 0 6 / 6 
Ear lv 
R i c h m o n d - 5 0 2 
Montmorency — 
501 
Pándy meggy -7 1973 97 : 20.6 142 : 19.0 132 : 9.1 — 
1974 328 : 22.8 208 : 24.9 241 : 10.3 — 
Pándy meggy- 10- 1 1973 141 : 8.5 182 : 3.3 134 : 7.5 
— 
1974 456 : 10.5 320 8.7 259 : 11.2 — 
Pándy meggy 25 1973 109 : 8.3 162 27.8 127 : 0.0 — 
1974 279 : 10.4 310 30.3 257 : 8.5 110 : 18.2 
Pándy meggy 26 1973 90 : 6.7 
Pándy meggy 48 1974 181 : 3.8 181 18.8 174 : 11.5 
Pándy meggy 141 1973 154 : 23.4 84 29.8 94 : 2.1 102 : 2.0 
1974 135 : 22.0 328 26.5 271 6.6 388 : 4.3 
Note: the first figure represents the number of pollinated stigmae, the second is t he 
percentage of f rui t setting. 
Table 5 
Fructification induced by sour cherry varieties and hybrids in self-sterile Cigány 
meggy types 
(1973, Érd-Kl vira) 
Early R i c h m o n d —502 Montmorency — 501 Hybrid —105/5 Hybrid—106/6 
Török meggy 186 : 2.7 243 : 3.3 109 : 0.0 153 : I. 
Cigány meggy— 60 144 : 0.0 101 : 0.0 135 : 5.2 127 : 2. 
Note: the4 first figure represents the number of pollinated stigmae. the second is 
percentage of f ru i t setting. 
th • 
types. Certain combinations showed a one-sided incompatibility (e.g. Török meggy X Hy-
brid 105/5: Cigány meggy— 60 X Early Richmond 502: Cigány meggy 60 x Montmorency 
501). 
In our investigations the completely self-sterile types of Pándy meggy were made 
highly fertile by the pollen of hybrids 105/5 and 106/6. 
Prepared at the University of Horticulture, Depar tment of Plant Genetics and Breeding, 
Budapest. 
I . T A M Á S S Y , D . M I G E N D , J . N Y É K I 
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INCREASING SALT TOLERANCE OF W H E A T AT EARLY STAGES 
OF GROWTH UNDER C H L O R I D E AND S U L P H A T E TYPES OF SALINITY 
The wheat plant is generally known to be medium salt tolerant ( S T R O G O N O V 1 9 6 2 ) , yet 
germinating seeds and seedlings in their early stages of growth were reported to be highly 
susceptible to salinity ( M A L E W A L - P A L E W A L 1 9 6 7 ) . Under saline conditions the magnitude of 
reduction in seed germination and seedling grow th of different plant species was found to vary 
according to the type of salinity ( K A D D A H 1 9 6 3 , H A S S O N - P O R A T H et al. 1 9 7 2 ) . 
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Some at tempts were made to induce salt tolerance by soaking the seeds, before sowing, 
in solutions containing certain trace elements ( S H K O L N I K 1 9 3 9 ) . In previous field experiments 
with wheat ( B A K R A H M E D et al. 1 9 7 0 ) it was found that under saline irrigation conditions 
presowing soaking of seeds in a solution containing 50 — 500 ppm boric acid caused increases 
in the yield of grains per unit area. H E N C K E L ( 1 9 6 0 ) showed t h a t under a sulphate type of 
salinity presowing soaking of seeds in a solution containing 2 0 0 0 ppm MgS04 increased the 
salt tolerance of the developed seedlings. 
The aim of this work was to investigate the germination of salt-hardened wheat seeds 
as affected by chloride and sulphate types of soil salinity, as well as the growth and the chemical 
constituents of the developed seedlings. 
This work was carried out in the National Research Centre. Wheat seeds (Triticum 
vulgare) cv. Giza—155 were used in these studies. Glazed earthenware pots, 15 cm in diameter 
and 8 cm in depth, each containing 1.5 kg dry clay loam soil (pH 7.9) were prepared. The soil 
was artificially salinized with mixtures of salts inducing chloride or sulphate salinization as 
described by STROGONOV ( 1 9 6 2 ) and presented in Table 1 . Four levels of soil salinity: 3 . 5 
(control). 4.5, 5.5 and 6.5 mmhos/cm2 at 25°C for 1 : 5 soil—water extract , were being tested. 
Such saline levels were a t tended by the addition of the following amounts of salt mixtures 
based on the dry weight of the soil: 0.0 (control), 0.2, 0.4 and 0.6% salts in the case of the chlo-
ride experiment, and 0.0 (control), 0.4, 0.8 and 1.2% salts in the case of the sulphate experi-
ment. The salt mixtures were dissolved in t ap water and added to the soil ten days before 
sowing. 
Table 1 
The components of salt mixtures used to induce chloride and sulphate types of salinity 
( S T R O G O N O V 1 9 6 2 ) 
Per cent of the total salt con ten t Per cent o l the total meq . 
salinity 
Na.SO, MgSO, CaSO, NaCl MgCl, CaC03 Na + Mg + + Ca+ + S O ; ci- CO; 
Chloride — 10 1 78 2 9 38 6 • 5 40 5 
Sulphate 35 28 20 10 7 21 15 14 40 6 4 
The wheat seeds for both the cloride and the sulphate types of saline experiments 
were divided into two groups. The first group of seeds for the chloride experiments was 
soaked in a solution containing 100 ppm H 3 B 0 3 for 48 hours, while tha t for the sulphate experi-
ments was soaked in a solution containing 2 0 0 0 ppm MgSO, for 2 4 hours. The second group 
of seeds for both types of saline experiments were soaked in distilled water for the same period. 
The t reated seeds were dried with filter paper and twenty seeds were sown in each pot at a 
constant depth of 2 cm. Eve ry treatment had six replicates, each was represented by one pot. 
Moisture in the soil was kep t at 60 - 6 5 % of the total water holding capacity of the soil through-
out the experimental period. 
After one month f r o m sowing different measurements were taken. The germination 
capacity of seeds was determined according to the following formula: 
Maximum number of the emergent seedlings X 100  
Total number of seeds 
From the fresh leaf-blades of the young seedlings the photosynthetic pigments were extracted 
with 8 0 % acetone, using the method described by B R U I N S M A ( 1 9 6 3 ) , then identified in a Spekol 
type spectrocolorimeter (Zeiss, Jena). The whole wheat seedlings were carefully removed from 
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the pots and their roots were thoroughly washed with running water and separated from the 
shoots. The shoot and the root were separately dried in an air-draft oven ad jus ted at 70°C 
till constant weight was obtained. The crude dry material of the shoots was subjected to chem-
ical analysis. Total and soluble nitrogen was determined using the micro-Kjeldahl method, 
then protein nitrogen was calculated. Determination of phosphorus was carried out colori-
metrically according to K I N G (1951), while determination of potassium and sodium was per-
formed using Carl Zeiss Flamephotometer. Calcium was determined using the U. V.-EDTA 
EC of 1:5 so i l -wa te r extract, mmhos / cm 
Fig. 1. Effect of chloride (—© & —A—) and sulphate (- - -O &- - -A- - -) types of salinity 
and salt hardening on germination capacity of wheat seeds. ( — ) Without hardening, seeds 
soaked in water in both types of saline experiments; ( + ) seeds soaked in H , B 0 3 in chloride 
experiment or in MgS04 in sulphate experiment (LSD for chloride exp. = 9.43; LSD for 
sulphate exp. = 5.57) 
t i tration method originally described by Szakes Biemer and modified by A B D E L - H A L I M ( 1 9 6 4 )  
using "Calcein" as indicator. 
The obtained data were subjected to the statistical analysis of variance and the values 
of the LSD were calculated whenever the calculated " F " values were significant a t 5% level 
of probability. 
Germination capacity of seeds. Fig. i shows that the germination capacity of wheat 
seeds decreased markedly wi th increasing the level of chloride soil salinity. Sulphate salinity, 
on the other hand, did not reduce the capacity of seeds to germinate , except at the highest 
level. Presowing salt hardening of seeds with boric acid could overcome to some extent the 
retarding effect of chloride salinity on seed germination as compared with water soaked seeds. 
The germination capacity of wheat seeds under the highest level of chloride salinity was nearly 
doubled, when the seeds were salt hardened with boric acid. Under sulphate type of salinity, 
presowing seed hardening with MgS04 according to Henckel's method proved to be effective 
in increasing the germination capacity of wheat seeds at the highest level of salinity from 
75% up to 9 0 % . 
The higher depressing effect of chloride than of sulphate salinity on seed germination 
and seedling growth was reported by K A D D A H ( 1 9 6 3 ) on rice, and by H A S S O N - P O R A T H et al. ( 1 9 7 2 )  
on peas. The observed reduction in seed germination under salinization conditions was sug-
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gested to be due to the inhibition of colloidal imbibition or/and the specific toxic effects of the 
salts on the embryos ( S T R O G O N O V 1 9 6 2 ) . 
Treating seeds with boric acid was reported to enhance the activity of hydrolyt ic enzymes 
( Y L A S I I K 1969) in the germinating seeds. Such effects may cause an increase in the osmotic 
pressure of the cell sap, and in turn, could offset the osmotic unbalance between the germinated 
seeds and the ambient solution. HF.NCKEL (1960) also concluded that , under sulphate salinity, 
salt hardening of seeds with MgSO, may reduce the uptake of SO, ions, and this in turn may 
increase the salt tolerance of the germinated seeds. 
Growth of seedlings. Table 2 demonstrates that increasing the level of chloride salinity 
caused progressive and consistent reduction in the dry mat ter content of both shoot and root 
of the developed wheat seedlings. However, the shoot was more severely affected with chloride 
salinity than the root, since shoot/root ratio showed a decrease. The same table also shows that 
if wheat seeds were salt hardened with boric acid before sowing, the dry mat ter accumulation 
by the developed seedlings was improved as compared with t h a t of water soaked seeds. 
Sulphate salinity, at low level had no effect oil the dry weight of the shoot and root 
of the developed seedlings, but significant reductions in shoot growth were observed thereafter. 
The shoot/root ratio tended to decrease with increasing the level of sulphate salinity. The dry 
mat te r accumulation showed no significant increase when the seeds were t rea ted with MgSO, 
solution. 
The higher adverse effects of chloride than sulphate salinity on the grow th and the dry 
mat te r content of seedlings and especially that of the above-ground part were reported by 
S T R O G O N O V (1962) using different plant species. The ability of the plants to ad jus t the osmotic 
potent ial of the media induced by di f ferent types of salinity may be of great importance. 
H A S S O N - P O R A T H et al. (1972) found that pea plants grown in sulphate salinized media adjusted 
Table 2 
Effect of chloride and sulphate types of salinity and salt hardening of seeds on dry 
weight of wheat seedlings (g/100 plant) 
EC of 1 : 5 





Chloride salinity Sulphate sal ini ty 









3 . 5 — 6 . 5 0 5 . 0 0 1 1 . 5 0 1 . 2 9 6 . 8 8 5 . 9 2 1 2 . 8 0 1 . 1 6 
+ 6 . 9 2 5 . 0 3 1 1 . 9 5 1 . 3 6 6 . 8 3 5 . 3 3 1 2 . 1 7 1 . 2 8 
4 . 5 — 4 . 4 2 3 . 9 2 8 . 3 3 1 . 1 3 6 . 2 0 5 . 7 5 1 1 . 9 5 1 . 0 7 
+ 5 . 2 5 4 . 7 5 1 0 . 0 0 1.1 1 6 . 6 7 6 . 0 0 1 2 . 6 7 1 . 1 1 
5 . 5 3 . 3 8 3 . 2 3 6 . 6 2 1 . 0 4 5 . 0 0 4 . 6 8 9 . 6 8 1 . 0 7 
+ 4 . 0 8 3 . 9 7 8 . 0 5 1 . 0 3 5 . 5 2 5 . 0 8 1 0 . 6 0 1 . 0 9 
6 . 5 — 2 . 5 5 2 . 4 5 5 . 0 0 1 . 0 4 3 . 3 8 3 . 8 0 7 . 3 8 0 . 9 5 
+ 3 . 1 3 3 . 1 7 6 . 3 0 0 . 9 9 4 . 0 0 4 . 0 5 8 . 0 3 0 . 9 6 
LSD 0 . 0 5 0 . 5 4 0 . 4 8 1 . 0 4 0 . 5 6 0 . 6 1 1 . 1 3 
* ( - ) Without hardening: seeds soaked in water for both types of saline experiments. 
( + ) Seeds soaked in boric acid for chloride experiment or in magnesium sulphate 
for sulphate experiment. 
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fully to the change in the external osmotic potential, which did not occur with chloride salin-
ity, where the osmotic potential decreased constant ly with increasing ambient salinity. In 
addition, the accumulation of some intermediate toxic compounds such as petroscine and 
cadavarine ( S T R O G O N O V el al. 1970, A S H O U R T H A L O O T H 1971b) in chloride salt-affected 
plants, and sulphoxides and sulphones in sulphate salt-affected plants ( S H E V Y A K O V A S T R O -
GONOV 1968) may play a role in the growth depression of young seedlings. 
The improved growth of chloride salt-affected seedlings due to presowing salt hardening 
of seeds may be attr ibuted to the mitigating effect of boric acid on the physico-chemical prop-
erties of plant cell protoplasm biocolloids, i.e.. decreasing its permeability and increasing its 
viscosity ( S L O N O V 1 9 6 6 ) . 
Content of chlorophyll and carotenoids in leaf blades. Table 3 shows that chloride salin-
ity caused significant reduction in the concentration of chlorophyll a -f- 1), but did not signif-
icantly change t h a t of carotenoids in the leaf blades of the developed seedlings. Thus , the 
chl. a + b/carotenoid ratio tended to decrease in chloride-salt affected seedlings. The ratio 
of chl. a/b tended to increase under saline conditions indicating t h a t the concentration 
of chlorophyll b was reduced to a greater extent t h a n that of chlorophyll a. 
The same table shows tha t if wheat seeds were soaked in boric acid before sowing in 
chloride saline soil, the leaf blades of the developed seedlings accumulated a higher amoun t 
of chlorophyll a — b and more or less similar amounts of carotenoids as compared with those 
of the controls. Thus, the chl. a b/carot. ratio showed increases due to such seed hardening 
treatment , whereas the chl. a/b ratio tended to decrease in hardened seedlings, indicating 
higher increases in the concentration of chlorophyll b than in that of chlorophyll a. 
The same table also shows tha t under sulphate salinity, the concentration of chlorophyll 
a + b and carotenoids was not significantly affected, except at the highest salinity level, 
Table 3 
Effect of chloride and sulphate types of salinity and salt hardening of seeds on the 
photosynthetic pigment content in leaf blades of uheat seedlings (mg/g dry wt.) 
Chloride salinity S u l p h a t e salinity 
soil —water ext . , 
mmhos/rm 
Hardening 
of seeds* Chl. 






a J- Ь/ 
ea ro t . 
Chl. 
a -j- h 





a + b / 
c a r o t . 
3.5 9.67 3.15 2.70 3.07 9.99 3.29 2.74 3.04 
10.71 3.17 2.65 3.38 11.39 3.95 3.11 2.88 
4.5 — 7.32 2.84 3.35 2.58 10.37 3.43 3.03 3.02 
9.37 2.53 2.36 3.72 11.14 3.84 2.61 2.90 
5.5 — 7.28 2.67 3.72 2.73 9.95 3.34 2.53 2.98 
+ 8.93 2.36 2.24 3.75 9.90 3.58 2.58 2.77 
6.5 — 7.12 2.85 3.17 2.50 11.40 3.40 2.46 3.35 
+ 9.13 2.64 2.08 3.48 12.81 4.17 2.60 3.07 




* See Table 2. 
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where a significant increase in the concentration of chlorophyll a -j- b w a s observed. However , 
under such condi t ions , the increase ill the concentra t ion of chlorophyll a was less than in t h a t 
of chlorophyll b, since the chl. a / b ra t io tended to decrease The chl. a -f- b/carotenoid ra t io 
did not change in sulphate sa l t -af fec ted seedlings, e x c e p t at the highest saline level where it 
tended to increase. 
At the h ighes t level of su lpha t e salinity, t r e a t i n g seeds with MgSO , increased the con-
t en t of chlorophyll a + b, but did n o t change the r a t i o s of either chl. a / b or chl. a + b /ca ro t . , 
as compared w i t h the case of water-soaked seeds. 
The d i f fe ren t ia l effect of chloride and su lpha te types of sal ini ty on chlorophyll accu-
mulation in p l a n t tissues was also detected by D O S T A N O V A (1966) a t high saline level. The 
decrease in the a m o u n t of non-stable chlorophyll ( A S H O U R — T H A L O O T H 1971a), and the d is rup-
tion in the chloroplas t s tructure ( L A P I N A el al. 1968), under chloride saline conditions m a y 
explain par t ia l ly the reduction in chlorophyll c o n t e n t under such conditions. On the o the r 
hand , the observed increase in t h e concentration of chlorophyll a + b in the salt h a r d e n e d 
wheat seedlings as compared wi th t he control may be due to the increase of chlorophyll s tabi l -
i ty ( S O L O V Y O V - M A K A R O V A 1960). The increase in chlorophyll con ten t under high su lpha te 
saline conditions was also repor ted by D O S T A N O V A (1966) and S T R O G O N O V et al. (1970). 
Content of nitrogen fractions in shoot. Table 4 shows tha t chloride salinity increased 
the concentrat ion of protein-N a n d total-N in w h e a t shoots. Soluble-N concentration showed 
decreases at a n y chloride saline level as compared w i t h the non-saline control. Sulphate salin-
i ty caused sl ight increases in t h e concentration of protein-N, and slight decreases in t h a t of 
soluble-N, bu t d id not change t h a t of total-N. 
Salt h a r d e n i n g of seeds u n d e r both types of salinity tended in general to increase the 
concentration of protein-N, and to ta l -N. The concentra t ion of soluble -N showed decreases 
under chloride sal ini ty, whereas t ended to increase under sulphate sal ini ty . 
Table 4 
Effect of chloride and sulphate types of salinity and salt hardening of seeds on 
nitrogen fraction contents in shoot of wheat seedlings (mg/g dry ul.) 
EC of 1 : 5 Harden ing 
Chloride salinity Sulphate salinity 
soil —water ext . , 
mmhos/cm 























































I.SD 0.05 2.4 0.7 2.1 0.54 0.85 2.31 
* See Tab l e 2. 
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The recorded tendency for increasing the concentration of protein-N and decreasing 
tha t of soluble-N. under high levels of both chloride and sulphate salinity was mentioned by 
S T H O G O N O V ( 1 9 6 2 ) on cotton. 
Content of P, Ca, К and Na in shoot. Data in Table 5 show that under chloride saline 
conditions the concentrations of phosphorus and calcium in the shoot of wheat seedlings were 
not greatly different f rom that of the control. Under such conditions, the concentration of 
potassium markedly decreased, whereas t h a t of sodium markedly increased. Presowing salt 
hardening of seeds with boric acid could to some extent increase the concentration of potas-
sium, bu t in the meantime, decrease that of sodium in the wheat shoot as compared with the 
unhardened seedlings. 
Sulphate salinity at 5.5 mmhos level caused decreases in the concentration of both 
phosphorus and potassium, while markedly increased that of sodium in the shoots of wheat 
seedlings. The concentration of calcium showed insignificant decreases due to sulphate 
salinity treatments. Presowing seed t rea tment with MgS04 seemed, in general, not able to 
counteract the disturbances occurring in the concentration of minerals in the shoot of wheat 
seedlings as compared with water soaked seeds. 
Other investigators also found a higher amount of sodium and a lower amoun t of potas-
sium in the leaves of salt-affected plants regardless of the type of salinity ( H E N C K E I . — SOLOVYOV 
1 9 6 8 . S T R O G O N O V et al. 1 9 7 0 ) . In the present experiment the concentration of sodium in 
chloride salt-affected wheat plants was much higher than t h a t in sulphate salt-affected ones. 
This result is in harmony with that obtained by H A S S O N - P O R A T H et al. ( 1 9 7 2 ) with peas. 
From the obtained results it seems t h a t chloride salinity has a more inhibi tory effect 
than sulphate salinity on the germination capaci ty, metabolism and growth of whea t seedlings. 
Presowing salt hardening of seeds, especially with boric acid under chloride saline conditions 
Table 5 
Effect of chloride and sulphate types of salinity and salt hardening of seeds on 
phosphorus, calcium, potassium and sodium contents in shoot of wheat seedlings 
(mg/g dry wt.) 
EC of 1 : 5 Harden ing 
Chloride sa l in i ty Sulphate sa l in i ty 
soil — wa te r ext . , 
m m h o s / c m 
of seeds* P Ca К Na p Ca к Na 
3.5 2.31 18.99 41.20 4.68 2.55 18.00 39.89 4.25 
+ 2.33 17.91 41.09 4.87 2.56 19.80 40.75 3.81 
4.5 — 2.25 19.05 33.33 9.71 2.46 16.95 38.84 4.86 
+ 2.25 17.56 35.41 6.91 2.51 18.57 38.64 4.48 
5.5 — 2.19 18.30 34.58 9.78 2.23 16.78 38.28 5.90 
+ 2.21 16.34 37.32 7.26 2.47 18.23 37.71 6.99 
6.5 — 2.15 18.30 33.89 10.15 1.90 16.80 32.73 7.31 
+ 2.07 17.56 36.52 7.74 2.04 15.88 34.61 6.59 
LSD 0.05 N.S. N.S. 1.94 0.33 0.24 1.86 1.87 0.77 
* See Table 2. 
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seems to he an effective method for increasing both the germination capacity of seeds and the 
salt tolerance of the developed seedlings. 
* 
Prepared at the National Research Centre. Botany Laboratory, Dokki and Faculty ol 
Agriculture, Ain Shams University, Cairo. 
N . I . A S H O U R , M . A . A B D E L - H A L I M , A . R A A F A T . T . A . N O U R 
R E F E R E N C E S 
A B D E L - H A L I M . M. A . ( 1 9 6 4 ) : Presence and response of middle lamella in higher plants. Ph. D . 
Thesis, Maryland Univ.. Maryland. 
A S H O U R . N. I.— T H A L O O T H , A . T . (1971a): E.ffect of saline irrigation on photosvnthetic appa-
ratus and yield of sugar beet plants . U.A.R. J . Bot. , 14, 221 — 231. 
A S H O U R , N. I . — T H A L O O T H . A . T . ( 1 9 7 1 B ) : Effect of putrescine on growth and photosynthetic 
pigments of b road bean plants grown under chloride salinization conditions. Biochein. 
Physiol. Pf lanzen (BPP). 162. 2 0 3 - 2 0 8 . 
B A K R A H M E D , M . — H E G A Z Y , A . T. A S H O U R , N. I, — E L - F O I L Y - M O U R S Y , H. A . (1970): 
Induction of sa l t tolerance in wheat . Beitr. zur Trop. , u. subtrop. Landwirt , u. Veteri-
närmedizin. 3, 229 240. 
B R U I N S M A , J. (1963): The quantitative analysis of chlorophylls a and h in plant extracts. 
Photochem. a n d Photobiol. (Chlor. Metabol. Sym.). 3, 241-249. 
D O S T A N O V A . P. KH . (1966): Effect of Na„S0 4 and NaCl on metabolism of plastid pigments in 
plant. Sov. P l an t Physiol., 13. 554"—560. 
H A S S O N - P O R A T H . E . — К А Н А К А . I. — P O L J A K O F F - M A V B E R (1972): The effect of chloride and 
sulphate types of salinity on growth and on osmotic adaption of pea seedlings. Plant 
and Soil. 36. 4 4 9 - 460. 
H E N C K E L , P . A. ( 1 9 6 0 ) : Increasing salt tolerance of p lants in sulphate salts-affected soils. 
Izv. Akad. N a u k . SSSR. Ser. Biol., 4, 5 5 0 - 5 6 1 . 
H E N C K E L , P. A. — S O L O V Y O V , V. A. (1968): Accumulation and distribution of sodium and po-
tassium in p u m p k i n plant as a result of substrate salinization by NaCl and Na.,SO,. 
Sov. Plant Physiol . . 15, 521 — 529. 
K A D D A H , M . T . (1963): Salinity effects on growth of rice a t the seedlings and inflorescence 
stages of development. Soil Sei.. 96. 105 — 111. 
K I N G , F.. J . ( 1 9 5 1 ) : Micro-analysis in Medical Biochemistry 2nd ed. Churchill, London. 
L A P I N A . L . P. — P O P O V , B . A. — S T R O G O N O V . B . P. (1968): Effect of isoosmotic concentrations 
of NaCl. Na„S0 4 and dextrane on the structure of chloroplasts. Sov. Plant Physiol.. 
15, 1059—1063. 
M A L E W A L . G. L . - P A L E W A L , К. V. (1967): Salt tolerance studies on some varieties of wheat 
(Triticum s a t ivum ) and barley (Hordenum vulgare) at germination stage. Indian J . 
Plant Physiol., 10, 2 6 - 3 5 . 
S H E V Y A K O V A . N. I. — STROGONOV . B. P. (1968): Accumulation of sulfoxides of amino acids 
of cabbage leaves in the presence of Na.,S04. Sov. Plant Physiol., 15, 530 — 536. 
S H K O L N I K . M. I. (1939): Fiffect of microelements on drought-salt-resistanee as well as on the 
chemical const i tuents . Sovetskaja Botanika. SSSR. 6, 2. 
S E O N O V , L. S . (1966): Effect of trace elements on the physico-chemical properties of plant cell 
protoplasm biorolloids under salinization conditions. Sov. Plant Physiol.. 13, 1024 — 
1028. 
S O L O V Y O V , E. A . M A K A R O V A , N . A . ( 1 9 6 0 ) : Effect of t race elements on greening and stability 
of the chlorophyll-protein lipoid complex. Sov. P lan t Physiol.. 7, 422 — 426. 
S T R O G O N O V . B. P. (1962): Physiological Basis of Salt Tolerance of Plants (under different 
types of soil salinity). USSR Acid. Sei. Press, Moscow, 364. 
S T R O G O N O V . B . P . K A B A N O V , V . V . — S H E V Y A K O V A . N . E . L A P I N A , L . P . K O M E Z I R K O , 
E . I, — P O P O V . B. A. — D O S T A N O V A . P . Кн. — P R E C K O D K O . L . S. (1970): Structure and 
Function of P l a n t GeUfcunder Salinization Conditions. USSR Acad. Sei. Press, Moscow, 
316. 
VLASIUK. P. A. (1969): Influence of trace elements upon the biochemical processes in germinat-
ing seeds. Proc. Int. Svmp. P lan t Stimulation. Bulgarian Acad. Sei. Press, Sofia, 
1063-1068. 
Ada Agronomien Acaderniae Scienliarum Hungaricae 26, 1977 
VARIA 1 3 5 
LIGHT E N E R G Y TRANSFORMATION IN MAIZE H Y B R I D S 
The present paper gives an account of studies performed in 1974 at the integrated agri-
cultural establishment at Bábolna (Bábolnai Mezőgazdasági Kombinát) on solar energy trans-
formation (hereafter efficiency) in the maize hybrids OSSK-218 and Dekali) XL-342 grown in 
Hungary. The following varieties were grown on the experimental area: 
OSSK-218, a Yugoslav hybrid maize, F AO number 460; licensed for trade in 1970. 
It is a two-line hybrid produced by crossing two inbred lines. I ts stalk is dark green, medium 
thick, and does not develop off-shoots. The leaves are dark green, broad and lanceolate. The 
tassel is loose, medium large: the colour of the anthers is green. With wider spacing it tends 
to develop two ears. The peduncle is long, therefore the ear when ripening s tands away from 
the stalk. The ear is cylindrical, the grain f lat and yellow. The cob is red. The ratio of grain 
to cob is 84 : 16. Its vegetation period is 145 —148 days. It is a midseason variety maturing 
towards the end of September. Its stalk is f irm and thus suitable for mechanical harvesting. 
The variety is somewhat susceptible to infection by common smut , head smut and the European 
corn borer, but resistant to Fusarium. It was produced in 1974 on the Bólyi State Farm. 
At Bábolna it has already yielded 85 q/ha grain (shelled in May). 
Dekalb XL-342 is an American hybrid maize. FAO number 580. It is a variety licensed 
for t rade. It was produced in the United States and in Italy. It is a three-line hybrid produced 
by crossing three inbred lines. It is a very tall plant (270 300 cm) with a thick, dark green 
stalk and broad, dark green leaves; off-shoots do not develop. The single, long, thick ear always 
grows a t the same height. The ear is cylindrical with a medium long stem. The ears are amply 
covered by husks. The grain is of dent corn type, flat and broad, and of a pale yellow colour. 
The grain/cob ratio is 84 : 16. Vegetation takes 156 160 days. It is a late variety of excellent 
productivi ty. As to stalk firmness, it exceeds by far the best Hungarian hybrid. It is resistant 
to diseases, not susceptible to damage done by the European corn borer. I ts optimum stand 
density is 46—50,000 plants/ha. In favourable crop years the largest yields were obtained 
at Bábolna with this plant number. The seed sown in 1974 was produced in Italy. 
On the maize area of the Bábolna Farm large-scale maize production is carried out in 
a monoculture. Since 1960 weed control on the maize crops has been carried out using chemicals 
(Table 1). 
Table 1 
I m portant farm data 
H y b r i d 
Place a n d 
n u m b e r of 





Herbic ide Sowing t ime P l a n t 





В 8 É 9 Eradicane 15 23 April 62.000 64.6 
В 8 NÉ 9 Oleo-Hungazin 
В 4 É 15 Eradicane 
В 17 É 3 Satecid 65WP 
DKXL-342 Ba 15 É 4 Aktikon PK 22 23 April 58,000 79.8 
Ba 15 NÉ 4 
В 22 É 6 Hungazin PK 13 April 68,000 75.3 
В 22 N É 
В = Bábolna. Ba Bana. Ё = burned, NÉ = not burned. 
* Marze in the ear. 
9* Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
1 3 6 V Mi l . ' 
The large quanti ty oi maize stalk left on the ground after harvesting can only lie chopped 
up and worked in effectively by repeated disking. To facilitate deep ploughing in the autumn, 
which is favourable to yield stability, experimental stubble burning was carried out , depending 
on the weather. Burning destroys some 2 5 - 30 per cent of the foliage and stalks. The efficiency 
studies were performed in both burnt and unburn t fields. 
In order to characterize the soil conditions, the results of analysis on samples taken 
on 22nd May 197 1 are presented in Table 2. Meteorological data on the vegetation period, based 
on observations made a t Bábolna, are given in Table 3. Five weeks after sowing on 22nd 
May the varieties were a t the four-leaf stage: information about flowering can he obtained 
from Table 4. 
Method of sampling: on each occasion — 22nd May, 5th and 19th June , 3rd. 18th and 
31st J u l y and 15th August 10 and 5 p lan ts were cut for the analyses. The plant dry weight 
Table 2 
Results of soil analysis 
P l a c e and 
n u m b e r of 
m a i z e f ie ld 
p H Readily soluble 
Calc ium 
c a r b o n a t e 
Arany ' s 
water KCl y , 
H î i raus, 







В 8 É 7.50 7.45 2.00 8.58 43.5 28.0 0.23 4.71 41.4 
В 8 N É 7.35 7.20 3.50 6.35 22.5 10.8 0.18 0.12 33.8 
В 4 É 7.15 7.10 3.25 6.08 8.1 12.4 0.17 0.20 37.8 
В 17 É 7.60 7.60 1.25 6.62 8.6 9.2 0.21 4.12 41.6 
Ва 15 É 7.20 7.50 2.00 6.51 8.8 14.4 0.17 0.08 39.4 
Ва 15 N É 7.60 7.60 1.50 5.29 12.8 11.2 0.19 5.98 39.0 
В 22 É 7.40 7.40 2.00 5.88 34.0 20.6 0.15 0.58 30.6 




M o n t h 
A v e r a g e 




H o u r s ot 
sunshine 
(hi 
March 7 . 7 5 . 1 
April 1 1 . 0 2 8 . 9 
May 1 4 . 6 7 6 . 4 7 5 * 
June 1 7 . 6 7 3 . 9 1 8 4 
Ju ly 2 0 . 3 3 6 . 3 2 0 8 
August 2 2 . 4 9 5 . 3 2 1 4 
* Becorded from 21st May onwards. 





Development of stands 





В 8 É 100 
В 8 NÉ 90 
В 4 É 75 
В 17 É 95 
Ва 15 É 15 
Ва 15 NÉ 5 
Ва 22 É 60 

























and the length and m a x i m u m width of the leaves were de te rmined in the laboratory. The 
averages were used in the calculations. Pa r t s below the soil were not weighed. 
Method of evaluat ion: In determining the leaf area (LA) the formula: length (mm) X 
width (mm) X 0 . 7 4 was used, which gave the leaf area in mm2. T h e 0 . 7 4 multiplier was obtained 
on the basis of samples, and is within the limits given in the l i t e ra ture ( K V E T - M A R S H A L L 1 9 7 1 ) . 
To describe the increase in weight and LA we applied t h e formula A, - A0e , where 
A0 and A, represent the weight or LA at the t imes !0 and (, respectively, к is the relative growth 
rate (RGR) : 
1 In (A,/A„) 
к and I i,, 
11 hi 
( B R I G G S et al. 1 9 2 0 , B R O D Y 1 9 4 5 , K V E T et al. 1 9 7 1 , O N D O K 1 9 7 1 ) . 
Knowing the RGR we were able to assess the growth of weight and leaf area for any day 
between two occasions of sampling. 
The number of calories incoming by radiat ion was calculated using the fo rmula : 
Q (0.22 + 0.52 n/N)Q,t 
w here n the daily hours of sunshine, N = the maximum possible hours of sunshine, Q„ the 
value of global radiation at the outer border of the atmosphere, Q = total incoming calories 
(cal . /CM2/day [ M I T S U D E R A S A K A I 1 9 7 5 ] : the coefficient and c o n s t a n t in the formula published 
by D U R A N D [ 1 9 7 4 ] hardly differ from the values given in Mitsudera Sakai 's publication. 
The values presented by the lat ter authors agree with the average of those listed in Durand's 
first table). Since data on the hours of sunshine were available for each day dur ing the period 
of investigation the value of Q was determined for each day and half of it was used in calculat-
ing the efficiency, since abou t half of the incident light falls wi th in the range of wave-length 
(PAR) utilized by the plants . 
The efficiency was calculated in the following way: we calculated the a m o u n t of energy 
reaching the LA at t0, the weight increases between t, and t„ (one day) and multiplied it by 4.00 
(assessment of the calorific value of dry m a t t e r , cal./g dry ma t t e r ) . The grow th of the plant 
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Table 5 
Efficiency of maize hybrids (%) 
Hybr id OSSK-218 D K X L - 8 4 2 
P l a c e a n d No. of 
field 
В 8 É В 8 N É В 4 É В 17 É Ba 15 É Ba 15 N É 























































Average 2.50 2.38 2.26 2.22 1.98 2.27 2.07 2.15 
expressed in calories divided by the P A R number of calories reaching the LA and multiplied 
by 100 gives the percentage efficiency. 
On the basis of efficiency percentage calculated for each day we determined the averages 
for the periods between two occasions of sample taking (approx. two weeks; Table 5). 
The efficiency percentages range within a relatively narrow interval; for the whole 
table it is 3.76 per cent . With one except ion (DKXL Ba 15 É) the highest values occurred 
be tween 3rd and 17th Ju ly . When calculating the average for the whole period of investigation 
(last row in Table 5) the range of f luc tuat ion will be still smaller. The hybrids show about the 
same percentage of average utilization. The average of the total number of data is 2.23%. 
There are, natural ly , periods when one hybrid shows a higher efficiency than the other. 
In format ion on the minima and maxima for the hybrids can be obtained f rom Table 6 on the 
Table 6 





Minimum M a x i m u m 
OSSK-218 в 8 É 0.55 (25.7)* 6.47 (12.7) 
в 8 NÉ 0.57 (4.6) 8.38 (12.7) 
в 4 É 0.49 (4.6) 8.66 (12.7) 
в 17 É 0.66 (4.6) 7.97 (12.7) 
DKXL-342 
Ва 15 É 0.57 (6. and 7.8) 5.06 (30.6) 
Ва 15 NÉ 0.90 (9.6) 7.65 (12.7) 
В 22 É 0.92 (7.8) 6.06 (12.7) 
В 22 NÉ 0.91 (9. and 19.6) 6.05 (12.7) 
* Day of occurrence. 
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basis of daily data. The minima range from 0.5 to 0.9%, and the maxima from 6 to 8.6%. 
A L E S S I — P O W E R (1975) reported a maximum of 3 % for the hybrid 85-Rm in the case of 74,000 
plants/ha. It is conspicuous in Table 6 that with the exception of a single case, the max ima all 
occurred on 12th July. This can be explained by the fact that the weight increase at t h a t time 
is still considerable: on the other hand, on 11th Ju ly the irradiation energy was very low. Effi-
ciency is modified by a number of ecological and physiological factors. Some of these factors 
can be genetically determined, e.g. the leaf angle, the assimilating capacity, etc. Although 
these factors were not included in our investigations, the necessity of studying them should 
be pointed out. Leaf area and leaf angle greatly influence the efficiency. The growth of the leaf 
area causes an exponential change in the extinction coefficient of P A R ( N I C I P O R O V I C 1970). 
Attention was called to the importance of the leaf angle by L O O M I S et al. (1968) and V I D O V I C 
(1974). The influence of stand density can also be added to the two factors mentioned 
( U S T E N K O — Y A G N O V A 1966. A L E S S I P O W E R 1975). Very little is known about the ex t en t of 
energy fixation in the shoot. 
The calorific content of the different plant organs varies during ontogenesis. The cal./DM 
value of 4 . 0 — 4 . 4 , taken as an average, is only the result of a rough estimation ( M Á T H É — P r e -
C S É N Y I 1971). Detailed investigation data (on stalk, leaf, ear, root) are hardly to be found. 
Studies on physiological processes require the co-operation of physiologists. 
According to L O O M I S et al. ( 1 9 7 1 ) the photosynthetic efficiency can be improved by 
producing new varieties possessing a high photosynthetic potential in a specific environment , 
as well as by applying appropriate growth regulators besides the necessary cultural practices. 
Their joint action may increase the production of agricultural crops. 
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DETERMINATION O F MATURITY IN LE CONTE, SHOUBRA 
AND P I N E A P P L E P E A R VARIETIES 
This investigation was made with the hope of studying the criteria of maturity and i t s 
indices for Le Conte, Shoubra and Pineapple pear varieties. Such a s tudy might be helpful 
in forecasting the exact time of ma tu r i t y and marketabi l i ty . 
B A G D A D I (1955), working on Le Conte pear f ru i t s , concluded tha t the weight and volume 
of the pears increased rapidly during July. The ra te of this increase was lower during June , 
May and August, in this order. 
W E S T W O O D (1962) found t h a t the specific gravi ty of several varieties of pear, apple 
and peach was higher at an early growth stage than a t any subsequent time. 
E L - A Z Z O U N I - W A L I (1957a) reported that the fruits of clonal Е Е Conte showed less 
flesh firmness a t matur i ty (10.75 Lbs per sq. in.), while fruits on Baladi quince showed the 
highest firmness (13—16 Lbs per sq. in.). They also added that the skin colour of both clonal 
Le Conte and Le Conte budded on different rootstocks was generally citron green 763/2 a t 
maturity. 
M A G N E S S ( 1 9 2 0 ) found tha t in Bartlett pears the content of total soluble solids increased 
steadily with the increase in sugars, from the beginning to the end of the season. 
I I I G A Z E Y (1951) and A L L E N (1942) found t h a t the acidity content decreased during the 
development of the pear fruits. 
This s t u d y was carried out on 20 Le Conte, 5 Shoubra and 5 Pineapple pear trees, 
budded on P. communis rootstocks during the two seasons 1966 and 1967. The trees are culti-
vated in the orchard of the Faculty of Agriculture, Cairo University. The trees selected were 
disease-free, un i form in shape and size, in good physical condition and were subjected to the 
same agriculture practices. 
Samples were first taken at two-week intervals, but this was later shortened to one-w eek 
intervals. As the f ru i t samples, each consisting of 15 fruits, reached the laboratory, they were 
washed, dried a n d then tested f rom a physical and chemical point of view. 
Prior to t he postulated ma tu r i ty stage, a sample of 30 fruits of each of the varieties 
studied was picked every week f r o m age 117—145, 96- 117 and 110- 138 days for Le Conte, 
Shoubra, and Pineapple respectively. They were then washed, dried, packed in boxes and stored 
at room tempera tu re (18— 20°C). A sample of 10 f ru i t s was drawn af ter storage for 5 and 10 
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days from every age and variety for physical and chemical analysis, in order to determine the 
proper age of matur i ty . 
The physical analysis covered fruit weight, volume, dimensions, firmness, specific 
gravity and skin colour, while the chemical analysis covered the T. S. S. (total soluble solids), 
total acidity and total sugar content . The Official Methods of Analysis (A. O. A. C. 1960) were 
used to measure these characters. The horticultural colour chart issued by the British Council 
was used to assist in classifying the average colour of the skin of each sample. Table 1 gives 
the various colours used as s tandards and the symbols referring to them. 
Table 1 
Colours and their symbols 
S y m b o l Cr i te r ion 
I Agathia green 60/1 
и Agathia green 60/2 
i n Pea green 61/1 
IV Pea green 61/2 
V Sap green 62/1 
VI Sap green 62/2 
VII Dresden green 64/2 
VII I Dresden green 64/3 
It is clear from Tables 2, 3 and 4 that there was a gradual t rend of increase in frui t 
weight and volume in the three pear varieties, with the advancement of the two growth seasons 
of 1966 and 1967. The rate of increase was higher in Pineapple, moderate in Le Conte, and lower 
in Shoubra. These results are in agreement with those of E L - A Z Z O U N I — W A L I (1957b), H I G A Z E Y 
(1951) and B A G D A D I (1955). 
It is obvious from Tables 2, 3 and 4 that the specific gravity tended almost to decrease 
in the three varieties studied, until the maturity stage. During the ripening stages it remained 
nearly constant until the end of the season, excluding some slight f luctuations. These results 
agree with W E S T W O O D ( 1 9 6 2 ) and B L A N P I E D ( 1 9 6 6 ) . 
It can be seen from Tables 2, 3 and 4, that both the equatorial and axial diameters 
showed a similar t rend to that of the weight and volume. On the other hand , the fruit f irmness 
of the varieties studied showed an opposite trend, as it exhibited a gradual decrease as the 
season advanced. The trend of decrease was higher in Shoubra and moderate in Le Conte and 
Pineapple. These da ta agree with W E S T W O O D (1962) and E L - A Z Z O U N I W A L I (1957a). 
Tables 2, 3 and 4 illustrate tha t there was a gradual improvement in the skin colour 
of the three varieties investigated as the season advanced. 
It is clear f rom Tables 2, 3 and 4 that there was a gradual increase in the total soluble 
solids, total sugar content, and T. S. S./acid ratio as the season advanced, while a gradual 
decrease was observed in the total acidity of the three pear varieties during the two seasons 
1966 and 1967. These results agree with E L - A Z Z O U N I — W A L I (1957a), H I G A Z E Y (1951) and 
A L L E N (1942). 
Storage da ta and the above results showed that the best time for picking the three 
pear varieties was 131 138, 103—110 and 124—131 days from full bloom for Le Conte, 
Shoubra and Pineapple respectively. At these dates the fruits showed good appearance and 
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Table 2 
Physical and chemical changes in Le Conte pear 
Age, 
days 
Vi e ight , 
g 
Л i l lume. 
ее 
Speci f ic g r a v ' t y , 
c m 
E q u a t o r i a l 
d i a m e t e r , cm 
Axial d i a m e t e r , 
em 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
75 31.9 48.0 31.1 46 1.03 1.04 3.4 4.1 4.7 5.3 
89 34.3 66.0 34.3 64 1.00 1.03 3.6 4.6 5.0 6.2 
96 67.4 78.0 70.0 71 1.04 1.10 4.6 4.9 5.9 6.4 
103 82.6 98.3 80.0 104 1.03 0.95 4.6 5.5 6.0 6.8 
110 86.3 103.0 85.0 102 1.02 1.01 5.2 5.6 6.7 6.9 
116 90.7 106.4 90.0 99 1.01 1.08 5.1 5.6 7.1 7.2 
124 125.9 118.7 125.0 1 19 1.01 1.00 6.1 5.9 7.6 7.3 
131 149.3 165.1 149.0 155 1.00 1.07 6.3 6.3 7.9 7.5 
138 149.8 170.5 149.5 163 1.00 1.05 6.2 6.5 7.8 8.3 
145 149.8 171.0 149.8 163 1.00 1.05 6.4 6.6 7.9 8.2 
Table 3 
Physical and chemical changes in Shoubra pear 
Weight , V o l u m e , Specif ic g rav i ty , I E q u a t o r i a l Axia l d i a m e t e r , 
Age, g cc cm d i a m e t e r , cm cm 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
75 20.9 19.0 19.0 17.0 1.10 1.11 3.3 3.2 3.6 3.5 
89 27.5 27.0 27.6 25.0 1.00 1.08 3.6 3.6 4.0 4.0 
96 44.5 40.0 43.0 37.0 1.03 1.08 4.0 3.8 4.5 4.6 
103 51.6 45.0 51.5 42.0 1.00 1.07 4.5 4.3 4.9 4.5 
110 52.5 67.0 51.0 62.0 1.03 1.08 4.6 5.1 5.6 5.4 
117 53.0 76.0 51.6 75.0 1.03 1.01 4.7 5.4 5.4 5.9 
124 54.2 78.3 53.0 76.2 1.02 1.03 5.0 5.4 5.6 6.0 
Table 4 
Physical and chemical changes in Pineapple pear 
Age, 
days 
Weigh t , V o l u m e , 
cc 
Speci f ic g rav i ty , 
em 
E q u a t o r i a l 
d i a m e t e r , cm 
Axial d i a m e t e r , 
e m 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
75 37.4 66.7 36.9 67 1.01 1.01 4.0 4.7 3.7 4.9 
89 58.0 99.0 54.7 96 1.06 1.02 4.5 5.5 4.6 5.9 
96 80.8 118.0 74.3 114 1.02 1.04 5.0 6.1 5.3 6.0 
103 88.5 119.8 84.7 135 1.04 1.13 5.4 6.2 5.5 6.3 
110 127.5 144.8 105.5 137 1.02 1.06 5.9 6.4 6.1 6.8 
117 145.5 149.8 140.5 145 1.04 1.03 6.1 6.5 6.0 6.7 
124 177.0 182.0 170.0 180 1.05 1.01 6.2 6.7 6.2 6.8 
131 182.6 199.2 176.2 182 1.04 1.10 6.4 6.9 7.4 7.6 
138 186.8 204.0 181.0 200 1.04 1.02 7.5 7.5 7.6 7.8 
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fruits (luring the two seasons 1966 and 1967 
F i r m n e s s , Co lour T .S .S . , % A c i d i t y , % Tota l s u g a r , % 
Lbs. per sq . in. 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
1 5 . 0 1 9 . 0 2 . 0 2 . 0 9 . 8 9 . 5 0 . 3 9 0 . 3 8 3 . 0 3 . 6 
1 3 . 9 1 6 . 0 2 . 0 3 . 0 1 0 . 5 9 . 6 0 . 3 4 0 . 3 5 3 . 3 4 . 3 
1 2 . 5 1 4 . 5 3 . 0 3 . 0 1 0 . 8 1 0 . 3 0 . 2 9 0 . 3 0 3 . 9 4 . 8 
1 1 . 9 1 2 . 9 3 . 0 3 . 0 1 1 . 0 1 1 . 2 0 . 2 8 0 . 2 9 4 . 5 5 . 5 
1 1 . 5 1 2 . 4 3 . 0 3 . 0 1 1 . 5 1 2 . 1 0 . 2 6 0 . 2 8 4 . 9 5 . 8 
1 1 . 4 1 1 . 6 3 . 0 3 . 0 1 2 . 0 1 2 . 5 0 . 2 5 0 . 2 6 5 . 5 6 . 6 
1 0 . 7 1 1 . 3 4 . 0 4 . 0 1 2 . 8 1 2 . 8 0 . 2 5 0 . 2 5 6 . 4 7 . 3 
9 . 7 1 0 . 5 4 . 0 4 . 0 1 3 . 0 1 3 . 0 0 . 2 3 0 . 2 3 6 . 9 7 . 9 
9 . 4 9 . 0 4 . 0 4 . 0 1 3 . 5 1 3 . 5 0 . 1 9 0 . 1 8 7 . 8 8 . 2 
8 . 8 8 . 6 4 . 0 4 . 0 1 3 . 6 1 3 . 7 0 . 1 8 0 . 1 8 8 . 3 8 . 7 
fruits during the two seasons 1966 and 1967 
Fi rmness , 
Lbs. per sq . in . 
Colour T .S .S . , % A c i d i t y , "„ Total s u g a r , ° 0 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
1 2 . 5 1 4 . 0 2 . 0 2 . 0 1 0 . 7 1 0 . 5 0 . 2 2 0 . 2 3 4 . 3 4 . 0 
1 0 . 5 1 3 . 5 3 . 0 3 . 0 1 1 . 0 1 1 . 0 0 . 2 0 0 . 2 0 5 . 0 5 . 0 
9 . 6 1 0 . 2 5 . 0 5 . 0 1 1 . 0 1 1 . 3 0 . 2 0 0 . 1 9 6 . 6 6 . 5 
6 . 2 9 . 0 6 . 6 6 . 6 1 2 . 3 1 1 . 6 0 . 1 9 0 . 1 7 7 . 9 7 . 8 
6 . 0 6 . 5 7 . 0 7 . 0 1 2 . 9 1 1 . 8 0 . 1 5 0 . 1 7 8 . 6 8 . 6 
5 . 3 6 . 5 7 . 0 7 . 0 1 3 . 4 1 2 . 0 0 . 1 5 0 . 1 5 9 . 8 9 . 2 
4 . 5 6 . 3 8 . 0 8 . 0 1 3 . 5 1 2 . 0 0 . 1 5 0 . 1 5 1 0 . 5 1 0 . 3 
fruits during the two seasons 1966 and 1967 
Fi rmness , 
Lbs. per sq . in . 
Colour T .S .S . , % Ac id i ty , % Total s u g a r , % 
1966 1967 1966 1967 1966 1967 1966 1967 1966 1967 
1 9 . 0 
1 7 . 2 
1 4 . 2 
1 3 . 9 
1 3 . 5 
1 3 . 0 
1 1 . 2 
1 0 . 9 
9 . 8 
1 9 . 0 
1 7 . 9 
1 4 . 5 
1 4 . 0 
1 3 . 8 
1 1 . 7 
1 0 . 0 
9 . 7 
8 . 0 
2 . 0 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
6 . 0 
6 . 0 
7 . 0 
7 . 0 
2 . 0 
3 . 0 
4 . 0 
5 . 0 
6 . 0 
6 . 0 
7 . 7 
7 . 0 
7 . 0 
9 . 5 
1 0 . 3 
1 0 . 3 
1 1 . 7 
1 2 . 0 
1 2 . 5 
1 2 . 4 
1 2 . 7 
1 3 . 0 
9 . 5 
1 0 . 0 
1 0 . 5 
11.0 
1 1 . 5 
1 2 . 0 
1 2 . 2 
1 2 . 7 
1 3 . 5 
0 . 4 9 
0 . 3 4 
0 . 3 1 
0 . 2 8 
0 . 2 6 
0 . 2 7 
0 . 2 5 
0 . 2 3 
0 . 1 9 
0 . 4 7 
0 . 3 8 
0 . 3 4 
0 . 3 1 
0 . 3 0 
0 . 2 9 
0 . 2 8 
0 . 2 2 
0 . 1 8 
4 . 1 
5 . 2 
6 . 1 
7 . 0 
8 . 0 
8 . 9 
9 . 8 
1 0 . 8 
1 1 . 3 
4 . 0 
4 . 7 
5 . 9 
6 . 8 
7 . 9 
8 . 3 
9 . 8 
1 0 . 5 
1 1 . 3 
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better quality, and the flesh firmness remained more or less constant. The fruits also showed 
no shrinkage and exhibited an excellent fruit taste and good appearance of colour. The acidity 
remained fairly constant with a slight decrease, while a distinct gradual increase in the to ta l 
soluble solids occurred, allowing the frui ts to reach a satisfactory, ripe eat ing quality. 
* 
Prepared at the Plant Production Department, Faculty of Agriculture, Cairo Uni-
versity. 
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F I E L D APPLICATION OF SOIL G R A N U L A R INSECTICIDES 
FOR T H E CONTROL OF THE COTTON LEAFWORM IN EGYPT 
The cotton leafworm Spodoptera littoralis (Boisd.) w as considered to be one of the most 
serious pests t h a t constitute a major part of the pest complex in cotton in Egypt. Foliar 
application was the generally accepted means of chemical control of this pest ( E L - K H I S H I N — 
Z E I D 1 9 5 7 , 1 9 6 2 , K A M E L et al. 1 9 6 4 , K A M E L — M O U S T A F A 1 9 6 8 ) . Recently, because of restrictions 
on the foliage application of insecticides, it has become necessary to f ind alternative methods. 
Very limited work was carried out concerning the evaluation of granular insecticides ei ther 
against the larvae or the pupae of this pest. More recently work was s tar ted by A B O - E L G H A R 
R A D W A N ( 1 9 7 4 ) , who tested certain promising insecticides as granular formulations against 
the cotton leafworm under laboratory conditions. The results obtained emphasize that the most 
effective soil insecticides are those which possess modera te ly fuinigant act ivi ty besides contac t 
action. 
During the last decade, intensive laboratory and field studies were carried out all over 
the world for test ing various granular soil insecticides against phytophagous insects such as 
lepidopterous larvae ( B E G G H A R R I S 1 9 5 9 , H O F M A S T E R D U N T O N 1 9 6 1 , S H O R E Y 1 9 6 3 , 
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H O F M A S T E R et al. 1 9 6 7 , S H O R E Y — H A L E 1 9 6 7 , H A R R I S — S V E C 1 9 6 8 , 1 9 7 0 , H A R R I S et al. 1 9 6 8 , 
1971, H A R R I S — H I T C I I O N 1970, H A L E - S H O R E Y 1972). 
The present work represents the first field trial in Egypt for controlling the cotton leaf-
worm through soil application with granular insecticides. The main advantages which encour-
aged us towards such an approach are tha t it offers a way of eliminating the h a r m f u l effects 
of pesticides on both mammals and beneficial insects, such as predators , parasites, honey bees 
and domestic animals. 
Field experiments were conducted at Salaka, Menofia governorate, to evaluate the effi-
ciency of certain granular soil insecticides for the control of cot ton leafworm in cotton. The 
chosen area was 33.6 hectares divided into plots of approximately 0.63 hectares each. 
The experiment consisted of 19 t rea tments : 3 insecticides, 2 rates of application, 
3 schedules and 1 untreated check, each replicated three times in a complete randomized 
block design. 
Insecticides formulated as granules of 5 per cent Chlorpyrifos, Disulfoton and 10 per 
cent Cyolane were applied as soil surface t rea tments . Each insecticide was investigated at 
2 rates of kg actual toxicant per hectare as follows: (1) Chlorpyrifos at 1.19 and 1.79; (2) Disul-
foton a t 2.98 and 3.57; (3) Cyolane at 0.95 and 1.19. Insecticides were applied twice for each 
t reatment during the cotton growing season. The first application started on June 20, July 3 
and Ju ly 16 for the three tested schedules respectively. The second application for the same 
tested schedules was carried out at a uniform date on 3rd August. Due to lack of Cyolane and 
Disulfoton quantities, plots of moderate and late schedules were applied Chlorpyrifos at rates 
of 23.81 and 35.71 kg in the second application. All plots were irrigated uniformly as soon as 
granules were sown. 
The efficiency of the tested insecticides w as assessed on the basis of the insecticide potency 
in the suppression of the cotton leafworm infestation level. The insect infestation level was 
estimated according to three different population indexes. The f irst is concerned with the larval 
population, where the mixed larval population on 100 randomly chosen plants was counted 
weekly beginning 24th June to 1st. Sept. At each count larvae were differentiated into two 
groups, i.e. the first included the smaller instars (1 — 3), the second involved the bigger instars 
(4—6). The second population index is concerned with pupae where the soil of 929.01 cm2 
under each of previously inspected plants was examined to a dep th of 5.08 cm. Egg masses 
were collected by hand at 3 days intervals from each treatment and were calculated per hectare 
to be used as the third population index. 
Results in Table 1 clearly indicate that the early date of application (20th J u n e ) seemed 
to represent the proper time where the average reduction in number of egg masses recorded 
was 12.4 and 57.5 per cent at lower and higher rates of tested materials respectively. On the 
other hand , late application (16th July) showed the least reduction. As regards the potency 
of the tested products, Cyolane induced the best performance showing 29.2 and 85.3 per cent 
reduction in the number of egg masses when applied early (20th June) at the ra tes of 0.95 
and 1.19 kg Al/hectare respectively. All other materials were less effective. The same ranking 
could be observed in the other two schedules. 
The effectiveness of soil application with granular insecticides on the larval instars 
of the cotton leafworm is represented in Table 2. It is evident that the second schedule (July 3) 
seemed to represent the proper time for granule application as it induced the best results 
against the larval instars, showing averages of 49.4 and 75.8 per cent reduction a t the lower 
and higher rates of application respectively. On the other hand, the late schedule (16th July) 
resulted in the least effect. It is of interest to note tha t the natural population densi ty of the 
different developmental stages of the cotton leafworm during the second schedule (3rd July— 
1st August) seems to be well presented by both larvae and pupae (Fig. 1); the larval population 
attained its maximum peak and the pupal t rend showed a pronounced increase. In addi t ion , 
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Table 1 
Effectiveness of soil application icith granular insecticides against the cotton 
leafuorm S. littoralis (Boisd.) on number of egg-masses deposited under field conditions 
Dailv mean n u m b e r , Per cent r e d u c t i o n of 




0/ /о l e t 2nd 1st 2nd 
nppl . a p p l . appl. app l . 
1st application at June 20 
Cyolane 10% G 0.95 0.81 1.29 58.5 000 29.2 
1.19 0.57 0.00 70.7 100 85.3 
Disulfoton 5% G 2.98 2.05 0.95** 00.0 000 00.0 
3.57 1.21 0.00** 37.8 100 68.9 
Chlorpyrifos 5% G 1.19 1.64 3.88 15.8 000 07.9 

















1 st application at July 3 
Cyolane 10% G 0.95 1.60 1.79 20.2 000 10.1 
1.19 0.98 0.29 51.2 40 45.6 
Disulfoton 5% G 2.98 1.93 1.19** 03.5 000 01.7 
3.57 0.95 0.88** 52.3 000 26.1 
Chlorpyrifos 5% G 1.19 1.48 3.52 26.2 000 13.1 














Control 2.00 0.48 
1st application at July 16 
Cyolane 10% G 0.95 1.29 1.24** 000 000 000 
1.19 0.52 0.60** 57.0 000 28.5 
Disulfoton 5% G 2.98 1.81 1.86** 000 000 000 
3.57 0.79 1.19** 35.3 000 17.6 
Chlorpyrifos 5% G 1.19 1.81 3.74 000 000 000 

















* Averages were calculated wi th the exception of untreated control. 
** Chlorpyrifos granular was used for the 2nd application at the indicated treatments. 
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Table 2 
Effectiveness of soil application with granular insecticides on the larval stage of 
cotton leafworm S. littoralis 
Insect ic ides 
R a t e of appl i -
c a t i o n , 
kg A l /ha 
Average n u m b e r of larvae/ 
100 p l a n t s 
R e d u c t i o n , 
о/ 
/о A v e r a g e 






a p p l . 
2nd 
appl. 
1st application on J u n e 20 
Cyolane 10% G 0.95 26.7 132.0 45.3 000 12.6 
1.19 11.8 43.1 75.9 13.3 44.6 
Disulfoton 5 % G 2.98 20.2 277.2** 58.5 000 29.2 
3.57 8.9 55.9** 81.7 000 40.8 
Chlorpyrifos 5% G 1.19 21.8 57.7 55.3 000 27.6 

















st application on Ju ly 3 
Cyolane 10% G 0.95 11.4 77.5 76.0 000 38.0 
1.19 4.4 26.0 91.0 47.7 69.3 
Disulfoton 5% G 2.98 10.6 12.0** 78.2 74.8 76.5 
3.57 6.3 9.5** 87.1 80.9 84.0 
Chlorpyrifos 5% G 1.19 15.7 71.9 67.8 000 33.9 

















Cyolane .. 10% G 
Disulfoton 5% G 
Chlorpyrifos 5 % G 
Average* 
Control 











































* Averages were calculated with the exception of untreated control. 
** Chlorpyrifos granular was used for the 2nd application at the indicated t rea tments . 
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Table 3 
Natural population distribution of different larval instars of the cotton leafuorm 
during cotton growing season of 1973 
S a m p l i n g d a t e 
Average n u m b e r 
of m i x e d 
l a r v a e / 1 0 0 
p l a n t s 
Dis t r ibu t ion of different l a rva l ins tars 
1 - 3 n s t a r s 4 6 n s t a r s 
No. % No. 0/ /0 
June 24 29.0 19.3 71.5 9.7 28.5 
July 1 77.6 32.7 42.1 44.9 57.9 
7 106.6 16.8 15.8 89.8 84.2 
14 52.1 12.3 23.6 39.8 76.4 
21 19.7 6.9 35.0 12.8 65.0 
28 16.9 7.8 46.1 9.1 53.9 
August 4 45.3 0.9 1.5 44.4 98.5 
11 40.5 27.7 68.6 12.8 31.4 
19 2.4 0.4 20.0 2.0 80.0 
25 51.5 49.9 96.9 1.6 03.1 
Sept. 1 131.8 118.1 89.6 13.7 10.4 
it is apparent t h a t the majority of the larval populat ion during this period was of the older 
instars (Table 3 ) which are the mos t susceptible to soil insecticides ( A B O - E L G H A R — R A D W A N 
1 9 7 4 ) . Therefore, it is suggested t h a t the tested granular insecticides could act well throughout 
this period against both larvae and pupae of the co t ton leafworm. 
Regarding efficiency of the tes ted insecticides, it is evident tha t all materials were effec-
tive at variable degrees. The two applications of Chlorpyrifos showed the best performance 
inducing 27.6, 33.9 and 19.5 per cent reduction at a r a t e of 1.19 kg Al/hectare compared wi th 
an 80.2, 74.1 and 64.9 per cent reduct ion at a rate of 1.79 kg Al/hectare for the three tes ted 
schedules respectively. On the o the r hand, plots t r ea ted with Disulfoton followed by Chlor-
pyrifos at the middle schedule seemed to surpass all o ther treatments resulting in a 76.5 and 
84.0 per cent reduction at the lower and higher ra tes respectively. This performance could 
lead us to the conclusion that the performance of potent ia l soil insecticides could be a t t r ibu ted 
mainly to one or more of the following factors: (1) the stability of the product in the soil: (2) the 
product having more than one mode of action; (3) the conditions prevailing throughout the 
experimental period. Accordingly, the best performance of the t r ea tmen t with Disulfoton 
followed by Chlorpyrifos could be attributed to the interaction between the long persistent 
f irst application of Disulfoton and Chlorpyrifos having more than one mode of action (ABO-
E L G H A R — R A D W A N 1 9 7 4 ) . 
Data in Table 4 reveal the value of timing for soil-insect control. Regarding the f irst 
application schedules, a remarkable suppression in pupa l population could be noticed a t the 
middle schedule (3rd July). Such a finding means t h a t the best results could be arrived at 
when soil insecticides were applied as the pupal populat ion trend was abou t to increase (Fig. 1). 
Considering the cumulative effect of the two applications, the late schedule achieved the best 
performance due to the short in terva l between the two applications. As for the tested coin-
pounds, all mater ia ls induced a satisfactory pronounced reduction in pupal population with 
a noticeable superiority of Cyolane. 
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Table 4 
Effectiveness of soil application with granular insecticides on the pupal stage of 
cotton leafworm S. littoralis ( Boisd.) 
Insecticides 
R a t e of appli ' 
ca t ion , 
kg Al/ha 
W e e k l y mean number of 
pupae/10 m* 
Pupal 
reduction, % Average 
reduction, 
% 1st 





2 n d 
a p p l . 
1st application at June 20 
Cyolane 10% G 0.95 1.6 5.4 40 82.7 61.3 
1.19 0.5 4.7 80 84.8 82.4 
Disulfoton 5% G 2.98 1.6 25.6 40 18.2 29.1 
3.97 0.5 8.1 80 74.1 77.0 
Chlorpyrifos 5% G 1.19 0.5 14.8 80 52.7 66.3 



















n at July 3 
Cyolane 10% G 0.95 1.3 7.5 61.3 76.2 68.7 
1.19 0.0 4.7 100.0 84.8 92.4 
Disulfoton 5% G 2.98 0.6 26.4 80.6 15.8 48.2 
3.57 0.6 20.2 80.6 35.5 58.0 
Chlorpyrifos 5% G 1.19 0.6 18.3 80.6 41.4 61.0 



















n at July 16 
Cyolane 10% G 0.95 1.3 10.2 67.5 67.6 67.5 
1.19 0.0 6.0 100.0 80.7 90.3 
Disulfoton 5% G 2.98 1.3 14.8 67.5 52.8 60.1 
3.57 1.3 6.0 67.5 80.7 74.1 
Chlorpyrifos 5% G 1.19 2.7 12.1 32.4 61.3 46.8 

















* Averages were calculated with the exception of unt rea ted control. 
10 Acta Agronomica Acaderniae Scientiarum Hungaricae 26, 1977 
150 V A H I A 
О < 
OL 
LARVAE/100 P L A N T S 
— PUPAE /9 .29 m* 
- - EGG M A S S / 0 . 4 2 . h a 
MAY JUNE JULY AUGUST 
Fig. 1. Seasonal populat ion trends of d i f ferent developmental stages of the Egypt ian cotton 
leafworm S. littoralis (Boisd.) in unt rea ted cotton fields, Menofia Governorator, Egypt 1973 
Generally, based on the data presented here, applying granular insecticides as soil sur-
face t reatment appears to be promising as an alternative method for the control of the cotton 
leafworm. 
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T H E EFFECT OF N-DIMETHYL AMINO SUCCINAMIC ACID ON T H E QUALITY 
OF BANATI AND GHARIBI G R A P E S DURING COLD STORAGE 
This investigation aims to study the effect of post harvest treatments with a growth 
suppressing substance, namely Alar (N-dimethyl amino succinamic acid), on the keeping 
quality and some characters of Banati and Gharibi grape varieties during cold storage. 
Growth of some microorganisms, including pénicillium sp., was reduced slightly by 
Alar at 5 0 0 p.p.in., while a higher concentration stopped it completely ( L A R S E R — G R O M A R L Y 
1 9 6 6 ) . 
It was mentioned tha t pre-harvest t rea tments of apple f ru i t s with Alar retarded fruit 
ripeness ( B A T J E R 1 9 6 5 ) . Within the fruit storage period. Alar t reatments showed a lower 
juice percentage and T. S. S./acid ratio, while a lower percentage of decay and total acidity 
( A B D E L - L A T I E F , STINO — A B D E L - L A T I E F 1 9 7 0 ) . 
Alar treatment hastened the fruit colouration of apples ( E D G E R T O N — H O F F M A N 1 9 6 5 ) . 
Many workers showed tha t there was a significant effect of Alar on the t i t rable acids 
of apple fruits. In some cases Alar increased the acidity of apples ( W I L L I A M S et al. 1 9 6 4 ) , while 
it reduced it in others ( L O O N E Y et al. 1 9 6 7 ) . Alar treatments increased the soluble solids in 
Italian prunes ( P R O C B S T I N G — M I L L S 1 9 6 6 ) , while F I S H E R L O O N E Y ( 1 9 6 7 ) reported tha t Alar 
reduced the soluble solids. 
This work was carried out in the Frui t Section, Depar tment of Plant Production, 
Faculty of Agriculture, Cairo University. Full grown Banati and Gharibi grape varieties, 
20 years old, uniform in growth and in good physical condition, were chosen to obtain the 
required material. When bunches attained full maturi ty , due to the indices found by EL-
A Z Z O U N I — E L - M A H D I ( 1 9 6 0 ) , they were picked in the morning and then transported imme-
diately to the laboratory. They were sorted to discard the injured ones, well washed with tap 
water, and well air dried. Before bunches were stored under cold storage conditions at 0°C, 
they were dipped in concentrations of 5 0 0 (T,), 1 0 0 0 (T.), 2 5 0 0 (T3), 3 0 0 0 (T4) and 6 0 0 0 (T5) 
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Table 1 
The effect of different concentrations of Alar on the fruit juice percentage during 
cold storage at 0°C 
P e r i o d s B a n a t i 
o f 
s t o r a g e , 19 72 1973 
w e e k s 
T , T 1
 2 T„ T , T 5 T , T , T 2 T T . T s т. 
2 7 0 . 3 7 5 . 7 7 6 . 7 7 1 . 8 7 5 . 0 7 4 . 3 7 2 . 7 7 7 . 0 7 6 . 8 7 2 . 3 7 1 . 0 7 0 . 8 
4 6 8 . 9 7 3 . 1 6 7 . 7 6 9 . 1 7 0 . 0 7 0 . 3 6 6 . 4 7 3 . 9 7 4 . 5 6 7 . 9 6 6 . 9 6 5 . 1 
6 6 5 . 8 7 1 . 1 6 3 . 3 6 2 . 4 6 8 . 0 6 6 . 7 6 4 . 9 7 0 . 8 6 9 . 4 6 4 . 7 6 4 . 2 6 2 . 3 
8 6 0 . 9 6 7 . 6 6 1 . 8 6 2 . 5 6 6 . 0 6 3 . 0 6 2 . 7 6 6 . 4 7 0 . 0 6 1 . 8 6 2 . 6 5 9 . 2 
1 0 6 1 . 8 6 5 . 8 6 2 . 5 6 2 . 9 6 4 . 1 6 1 . 8 6 3 . 0 6 8 . 0 6 5 . 7 5 8 . 9 5 9 . 6 6 0 . 1 
1 2 5 7 . 1 6 4 . 2 6 2 . 8 6 1 . 3 5 9 . 7 6 0 . 6 6 1 . 4 6 6 . 9 6 4 . 5 6 0 . 9 6 0 . 0 6 0 . 0 
Ghar ib i 
2 7 3 . 5 7 2 . 9 7 2 . 0 6 7 . 8 7 0 . 3 6 6 . 3 6 9 . 8 7 0 . 7 7 0 . 8 7 0 . 0 6 4 . 9 6 5 . 6 
4 6 6 . 3 6 6 . 0 6 5 . 8 5 7 . 4 7 1 . 8 6 7 . 3 6 5 . 3 6 7 . 3 6 5 . 6 6 4 . 2 6 2 . 8 6 2 . 2 
6 6 3 . 5 6 4 . 0 6 3 . 2 5 9 . 4 6 2 . 2 6 1 . 4 6 2 . 8 6 6 . 2 6 6 . 0 6 1 . 9 6 1 . 2 6 1 . 0 
8 6 2 . 5 6 5 . 8 6 4 . 0 5 8 . 9 6 0 . 8 6 1 . 0 6 3 . 2 6 5 . 5 65.1 6 0 . 1 5 9 . 8 6 0 . 6 
Table 2 
The effect of different concentrations of Alar on fruit loss percentage daring 
cold storage at 0°C 
P e r i o d s ' B a n a t i 
w e e k s 
T , T „ T , T , T s T , T , т
а 
T . G т . 
2 1 . 5 0 0 . 8 2 1 . 2 5 1 . 3 9 1 . 9 9 2 . 3 5 1 . 4 2 0 . 6 6 0 . 9 2 1 . 8 6 2 . 0 1 2 . 0 0 
4 2 . 0 0 1 . 1 4 2 . 0 0 2 . 0 5 3 . 1 2 4 . 3 3 2 . 1 1 1 . 1 6 1 . 9 2 1 . 6 8 2 . 8 6 3 . 9 5 
6 3 . 1 9 2 . 0 2 2 . 6 7 2 . 8 0 3 . 9 5 5 . 9 1 2 . 8 6 1 . 8 9 2 . 8 0 2 . 9 8 3 . 7 7 4 . 3 8 
8 3 . 9 1 2 . 8 0 3 . 2 0 3 . 6 2 4 . 7 1 7 . 6 0 3 . 6 6 2 . 6 7 3 . 3 5 3 . 5 1 4 . 6 3 5 . 9 9 
1 0 4 . 2 4 3 . 2 0 3 . 6 9 4 . 0 0 5 . 2 2 8 . 5 3 4 . 5 0 3 . 2 5 3 . 9 5 3 . 8 8 4 . 9 8 7 . 5 6 
1 2 4 . 6 5 3 . 2 5 4 . 1 5 4 . 3 5 5 . 4 0 9 . 8 5 5 . 5 6 4 . 0 0 4 . 5 0 4 . 5 0 6 . 2 6 1 0 . 0 
Ghar ib i 
2 2 . 4 4 1 . 0 5 1 . 6 0 2 . 4 0 2 . 0 6 3 . 1 1 1 . 5 0 1 . 2 2 1 . 4 3 1 8 2 1 . 8 9 2 . 7 1 
4 5 . 6 0 2 . 5 6 3 . 6 8 6 . 1 1 6 . 0 8 6 . 8 0 3 . 2 7 2 . 0 4 2 . 9 1 3 4 1 3 . 4 0 4 . 4 4 
6 7 . 3 4 3 . 4 7 5 . 3 6 8 . 7 3 8 . 8 1 9 . 5 7 5 . 0 0 3 . 1 1 4 . 2 5 с 2 6 5 . 6 4 6 . 8 8 
8 9 . 2 5 5 . 5 0 7 . 2 5 1 0 . 2 1 1 . 5 1 4 . 9 6 . 8 4 4 . 6 6 5 . 9 2 3 3 7 . 6 8 1 0 . 2 
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p.p.m. of Alar; 50 bunches for each concentration, as well as 50 bunches in distilled water as 
control (T6). The treated and the untreated bunches were packed in carton boxes, and then 
cold stored. Samples were taken every two weeks for physical and chemical analysis, which 
were carried out according to the Official Method of Analysis (A. O. A. C. 1970). 
It can be seen f rom Table 1 that the juice percentage of all the treated and untreated 
f ru i t s showed a trend of a gradual decrease with the advance of the storage period of both 
seasons. At the end of the storage period, most of the treated fruits showed a nearly higher 
juice percentage than the untreated fruits (control), excluding some fluctuations. Frui ts treated 
with Alar at concentrations of 1000 (T2) and 2500 (T3) p.p.m. showed the highest percentage 
of juice, for both Banati and Gharibi varieties. These results agree with those of A B D E L - L A T I E F 
(1963) on the Banati grape variety, but disagree with the findings of E L - A Z Z O U N I et al. (1972) 
on Amoun orange, as they reported that the juice percentage of the Alar treated f ru i t s increased 
gradually with the advancement of the storage period. It is evident from Table 2 tha t the fruit 
Table 3 
The effect of different concentrations of Alar on fruit colour changes during cold 
storage at 0°C 
Per iods Bana t i 
s t o rage , 1972 1973 
weeks 
T , G T„ T , T 5 т. T , T , G т. T . T , 
2 1 2 1 1 1 1 1 2 1 1 1 1 
4 3 2 3 2 2 2 2 3 3 2 2 2 
6 4 4 4 3 3 3 4 4 4 4 3 3 
8 5 5 5 5 4 4 4 5 5 5 4 4 
10 5 6 1 6 5 5 5 5 6 6 6 5 5 
12 6 6 6 6 6 5 6 6 6 6 5 6 
Gharibi 
2 1 2 2 1 1 1 2 2 2 1 2 1 
4 3 4 3 3 2 2 4 4 4 3 3 3 
6 4 5 5 5 3 4 5 5 5 5 4 4 
8 6 6 6 6 5 5 6 6 6 6 6 5 
Colour I Symbo l 
Agathia green 60/2 1 
Pea green 61/1 2 
Pea green 61/2 3 
Sap green 62/2 4 
Pea green 61/3 5 
Uraniun gree 63/2 6 
According to the Horticultural Colour Chart issued by the British Colour Council. 
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loss percentage of all t rea tments increased gradually with the advancing of the storage period. 
Besides, it is clearly obvious that all the used concentrations of Alar decreased noticeably the 
frui t loss percentage compared to the control of both Banat i and Gharibi varieties in both 
seasons. 
At the end of the storage period, the least percentage of fruit loss was noticed in the 
f ru i t s dipped in Alar solution at both 1000 and 2500 p.p.m. for both Banati and Gharibi varie-
ties, during both seasons. Also, it can be noticed from Table 2 that the loss percentage of 
Gharibi grapes was higher than that of the Banati variety. 
Table 3 illustrates that the fruit colour of the t reated and the untreated fruits showed 
an improvement with the progressing of the storage period. The fruit was considered completely 
coloured when it a t ta ined the surface uranium green 63/2 colour. In addition, it seems that 
there were no noticeable differences between the colour changes of both the treated and the 
unt rea ted ones, except treatments T 2 and T3 , as, for some reason, they resulted in enhancing 
the treated fruit colouration compared to the other t r ea tments of both Banati and Gharibi 
varieties. These results are in harmony with those of E D G E R T O N - H O F F M A N ( 1 9 6 5 ) , who 
reported that Alar t r ea tment hastened the fruit colouration of apples. 
Total soluble solids increased in the juice of fruits during storage (Table 4). Continuous 
increase in the T.S.S. percentage occurred in all treatments. A smaller degree of increase could 
be noticed in the un t rea ted than in the treated fruits especially in the last period of Banati 
and Gharibi storage. This indicates a reduced loss of sugars in the catabolic process of the 
t reated fruits. Besides, it is quite evident t ha t no clear differences could be noticed among the 
different treatments. B u t , at the end of the storage period, it could be noticed that T2 and 
T 3 exhibited higher T.S.S. values than the other treatments of both Banati and Gharibi varie-
ties. These results agree with those of P R O C B S T I N G — M I L L S ( 1 9 6 6 ) . as they mentioned that Alar 
t r ea tmen t s increased the soluble solids in Italian prunes, bu t disagree with those of F I S H E R 
L O O N E Y ( 1 9 6 7 ) , who reported that Alar reduced the soluble solids of the fruits. 
Table 4 
The effect of different concentrations of Alar on fruit total soluble solids during 
storage at 0°C 
P e r i o d s 
of 
s t o r a g e , 
weeks 
Banati 
1972 19 73 
T, T , T , T . T S T , T , T , T , T . T s T , 
2 1 3 . 5 1 5 . 5 1 5 . 5 1 3 . 5 1 3 . 0 1 2 . 5 1 3 . 5 1 5 . 0 1 5 . 5 1 3 . 0 1 2 . 5 1 2 . 0 
4 1 4 . 0 1 5 . 0 1 6 . 0 1 5 . 5 1 4 . 0 1 4 . 0 1 4 . 0 1 6 . 0 1 5 . 5 1 3 . 5 1 3 . 0 1 3 . 0 
6 1 4 . 5 1 5 . 5 1 6 . 5 1 5 . 0 1 5 . 0 1 4 . 0 1 5 . 0 1 6 . 0 1 6 . 0 1 4 . 0 1 2 . 5 1 4 . 0 
8 1 5 . 0 1 6 . 5 1 7 . 0 1 6 . 0 1 5 . 0 1 4 . 0 1 6 . 0 1 6 . 5 1 6 . 5 1 5 . 5 1 4 . 0 1 4 . 5 
1 0 1 5 . 5 1 7 . 0 1 7 . 0 1 7 . 0 1 6 . 0 1 4 . 5 1 6 . 0 1 7 . 0 1 7 . 0 1 5 . 5 1 5 . 0 1 5 . 0 
1 2 1 6 . 0 1 7 . 0 1 7 . 5 1 7 . 0 1 6 . 0 1 5 . 5 1 6 . 5 1 7 . 0 1 7 . 0 1 6 . 5 1 6 . 0 1 6 . 0 
Gharibi 
2 1 2 . 5 1 4 . 5 1 4 . 0 1 4 . 5 1 2 . 5 1 2 . 5 1 3 . 5 1 4 . 0 1 4 . 0 1 3 . 5 1 2 . 5 1 3 . 0 
4 1 4 . 0 1 5 . 0 1 5 . 5 1 5 . 0 1 2 . 5 1 4 . 5 1 5 . 5 1 5 . 0 1 5 . 5 1 4 . 0 1 3 . 5 1 4 . 5 
6 1 4 . 5 1 6 . 0 1 6 . 0 1 5 . 5 1 4 . 0 1 5 . 0 1 5 . 5 1 6 . 5 1 6 . 0 1 5 . 5 1 5 . 0 1 5 . 0 
8 1 5 . 5 1 7 . 5 1 7 . 0 1 6 . 5 1 5 . 0 1 5 . 5 1 6 . 0 1 7 . 0 1 7 . 0 1 6 . 0 1 5 . 5 1 5 . 5 
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Table 5 
The effect of different concentrations of Alar on fruit total acidity during cold 
storage at 0°C 
Periods B a n a t i 
of 
storage, 1972 1973 
weeks 
и T, T T , Ts т. U T, Ta T, Ts т. 
2 1.25 0.90 0.89 1.02 1.06 1.18 1.13 0.95 0.78 1.06 1.12 1.18 
4 0.74 0.71 0.77 0.80 0.98 0.98 0.90 0.72 0.68 0.89 0.90 0.97 
6 1.30 1.29 0.99 1.19 0.99 1.33 1.22 0.99 0.87 1.06 1.21 1.24 
8 1.09 1.01 0.81 1.20 1.00 1.24 1.16 0.98 0.80 1.03 1.20 1.21 
10 0.98 0.95 0.72 1.10 1.02 1.21 1.14 0.90 0.81 1.03 1.17 1.22 
12 1.01 0.97 0.74 1.11 1.05 1.19 1.11 0.91 0.78 1.05 1.13 1.24 
Ghar ib i 
2 0.58 0.50 0.45 0.60 0.58 0.50 0.52 0.47 0.41 0.58 0.54 0.53 
4 0.68 0.59 0.58 0.68 0.66 0.65 0.66 0.54 0.54 0.64 0.62 0.67 
6 0.65 0.56 0.46 0.67 0.64 0.60 0.59 0.48 0.46 0.61 0.59 0.61 
8 0.66 0.55 0.47 0.63 0.61 0.60 0.57 0.48 0.42 0.58 0.55 0.60 
I t can be seen from Table 5 that the total acidity of all t rea tments decreased gradually 
and continuously as the storage period advanced, until reaching their minimum values at the 
end of storage period. Also, it is clear that the total acidity of all the Alar treated f ru i t s was 
lower than that of the control. 
Besides, the fruits dipped in concentrations of 1 0 0 0 (T„) and 2 5 0 0 (T3) p.p.m. Alar showed 
the lower values of acidity at the end of the storage period followed by the other t rea tments . 
So, at the end of the storage period, the control exhibited nearly higher values of to ta l acidity, 
in both Banati and Gharibi varieties. But, the total acidity of the Gharibi variety was lower 
than tha t of the Banati. as it is clear from Table 5. The results of the two seasons were similar. 
The above results agree with A B D E L - L A T I E F ( 1 9 6 3 ) and L O O N E Y et al. ( 1 9 6 7 ) , bu t disagree 
with W I L L I A M S et al. (1964), who reported tha t Alar treatment increased the acidity of apples. 
* 
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R E S I S T A N C E I N C R E A S E D B Y M A G N E S I U M N U T R I T I O N 
It has been known for a long t ime that var ious fertilizers (primarily N, P and K) 
exercise an influence no t only on the q u a n t i t y and qual i ty of the yield and the time of ripening, 
b u t also on the susceptibil i ty and resis tance to certain diseases. In plant growing trials carried 
o u t with magnesium fertilizers and n i t rogen fertilizers supplemented with magnesium (Kis s 
1969, F E J É R et al. 1972, HORVÁTH et al. 1971) we observed not only an increased quan t i ty 
and quality of yield b u t also a higher resistance to diseases in various plants . In the case 
of magnesium nu t r i t i on , K E M E N E S Y — N Y É K I (1967) f o u n d the virus infection of potato to 
decrease; the number of virus-infected p lan t s was 73 per cent lower than in the control plots. 
K L O K E (1963) observed a reduced Botrytis and Phytophthora infection in tomato plants 
suppl ied with magnes ium. The same author pointed ou t that the percentage decrease in 
infect ion was inf luenced not only by the quant i ty of magnesium applied but also by the 
va r i e ty of the t o m a t o plant . 
After such preliminaries we s tudied the inhibi tory effect on infect ion of magnesium 
appl ied both as a basic fertilizer and in t h e form of a foliage spray, using, among others, sugar-
beet (K i s s—KISS 1972, Kiss 1974a, K i s s - R É D E I 1975) and bean (Kiss 1974b) as indicator 
p lan t s . In our exper iments magnesium t rea tment resul ted in a 50—60 per cent inhibition of 
infect ion by Cercospora beticola, Pleospora betae and Pseudomonas phaseolicola. The increased 
disease resistance caused by magnesium belongs — according to H O L M E S (1954) — to the cate-
gory of field resis tance. This category includes those cases when the resistance of the host 
p l an t s is increased b y choosing ecological factors (e.g. ferti l ization, sowing t ime) which provide 
t h e m with favourable conditions ( N A U M O V — S I I C H E G O L E V 1948). 
Field resistance may also be considered as ecological resistance a l though many authors 
only place the resistance-increasing e f fec t of climatic fac to rs in this category. Having obtained 
posit ive results, which are also impor t an t front a pract ical point of view, we tried to f ind an 
explanat ion for the inhibitory (i.e. resistance-increasing) effect of magnesium on infection, 
of which we have given an account in the present pape r . 
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Except those listed above hardly any literary d a t a are available on the magnesium-
induced increase in field resistance, while there is virtually no mention in the literature of the 
cause of this increased resistance. Start ing from our earlier biochemical investigations related 
to magnesium (Kiss 1 9 7 3 , K i s s — P O Z S Á R 1 9 7 2 , 1 9 7 5 , V E R M E S et al. 1 9 7 4 ) we have arrived at 
the conclusion that the cause of increased field resistance must lie in the inlluence exercised 
by the magnesium on the nitrogen and/or energy cycle. 
This is why — as a preliminary s tudy — we looked at the literature on tke relationship 
between resistance and protein. We have found that in papers discussing tke non-genetic 
resistance of plants more and more is said about the relation of resistance to piotein content 
(and nitrogen fertilization). Some of these papers contain favourable ( S C H I M M E I P F E N G 1 9 6 3 .  
L A N G B E I N — P E H L 1 9 6 2 , V R A N Y 1 9 7 2 ) , and some unfavourable ( R O L K O L A 1 9 6 2 , C H E N — C H I E N 
1 9 6 4 , K I R Á L Y 1 9 6 3 ) results. The observation that it is the intensity of nucleic acid synthesis 
ra ther than the nitrogen level of the soil and the total nitrogen content of the plants tha t is 
in negative correlation with the susceptibility to infection has put an end to these contradic-
tions ( K I R Á L Y et al. 1 9 6 8 ) . 
The experiments were carried out on the leaves of two wheat varieties (Triticum aesti-
vum I,.: Bánkuti 1, Bánkut i 1201), a bean variety (Phaseolus vulgaris L.: Pinto), a maize 
variety (Zea mays L. : Mv5) and a commercial lettuce var ie ty (Lactuca sativa L.). The primary 
leaves of rust-infected wheat (Puccinia graminis f. sp. tritici Ericks) and rust-infected bean 
(Uromyces appendiculatus | Pers] Link) supplied the test material for the pathological exami-
nations. 
Of the bioactive compounds the systemic fungicides were studied for their action on 
pr imary leaves of the bean variety Pinto by the so-called half-leaf method. For a week the 
fungicides were applied every day using a brush, then during the second week the leaves were 
left untreated. Samples were taken and processed on the 14th day. 
After the preliminary treatment described above the developmental and pathological 
examinat ion of the leaf proteins was performed by means of Sephadex G—150 gel chromato-
graphy to characterize the fractions by molecular weight. To obtain the quant i ty of protein 
the nitrogen content determined with the micro-Kjeldahl method was multiplied by 6.25. 
In our experiments on brown spot (Pleospora betae Björl) infection in sugar-beet the 
magnesium was mixed wi th a nitrogen fertilizer (Kiss—RÉDEI 1975). Some of the magnesium 
was applied before sowing, in combination with AGRONIT (a commercial fertilizer produced 
by the Borsod Chemical Works containing 28 per cent ni trogen and 2 per cent magnesium), 
and some — in the case of ammonium ni t ra te base fertilization — as a foliage spray, in the 
form of a 2 per cent solution of magnesium sulphate. The active agent level was the same in 
both cases (1.7 q/ha nitrogen and 12 kg/ha magnesium). The sugar-beet variety Beta poly 2 
was artificially inoculated by spraying the plants with an aqueous suspension prepared from 
dried diseased leaves. The treatments were applied in four replications, partly in a greenhouse 
(Tables 2, 3, 4) and pa r t ly in a microplot field experiment. The soil used in the experiment was 
a brown forest soil poor in lime and magnesium. 
In our experiments on sugar-beet the magnesium t rea tment — whether it was applied 
as a base fertilizer or in the form of a foliage spray — decidedly inhibited the infection caused 
by Pleospora betae Björl (Table 1). Information on the inhibition of infection is given by our 
bean rus t infection and other experiments, on a comparable basis. 
According to our investigations ( P O Z S Á R et al. 1973), resistance to rust infection 
depends on the concentration of immunobiologically active, low molecular weight proteins 
rather than on the total protein content. Table 2 presents the resistance to Uromyces appendi-
culatus uredospores of Pin to bean leaves with identical to ta l protein contents, as a function 
of the molecular weight distribution of the protein fractions. During senescence the high molec-
ular weight fractions increase while those of low molecular weight decrease in the leaves com-
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Table 1 
Effect of magnesium treatment on the brown spot disease (Pleospora 
betae Björl) of sugar-beet 
T r e a t m e n t 
Percen tage of 
У S e p t e m b e r 
diseased p lan ts 
18 September 
Control 20.0 29.8 
nh4no3 18.0 29.2 
AGRONIT 28 3.0 14.9 
NH4N03 + Mg 3.0 14.5 
Highest deviation from the average + 2.5 + 3.4 
pared to the initial stage. In the first phase of leaf senescence a 44 and 58 per cent decrease in 
the proportions of the f i rs t and second fractions and a 33 and 52 per cent increase in those of 
the two middle fractions can be pointed out . In the case of the highest molecular weight frac-
tions the increase in the level is even greater, the difference being 55 and 93 per cent , respec-
tively. The characteristic shifting in the proportions of leaf proteins fractionated by molecular 
weight in the initial phases of senescence can be brought into correlation with an increased 
pathological susceptibility, which is also of outstanding importance from a general biological 
point of view. In rust-infected wheat and bean leaves a change in the proportion of protein 
fractions similar to tha t observed in healthy leaves at an advanced stage of senescence can be 
demonstrated (Table 3). 
As a response to infection the lowest molecular weight fractions showed a 37 per cent 
decrease in rust-infected wheat leaves and a 45 per cent decrease in rust-infected bean leaves, 
as compared to the heal thy control. At the saine time the proportion of higher molecular weight 
protein fractions characteristically increased under the influence of infection. The individual 
fractions also contain proteins from the mycelia of infectious fungi, which suggests that the 
proportional change in the fractions in the host organism may be even greater t h a n tha t shown 
Table 2 
Relationship between the age of Pinto bean leaves and the percentage proportion of 
protein fractions in them and the related susceptibility to infection by Uromyces 
appendiculatus 
Age of leaves, days 
Percentage d i s t r i b u t i o n of protein 
mo lecu la r weight (1000 
f r a c t i o n s 
*) 
b y 
Suscept ib i l i ty of 
l eaves to infection 
12 24 36 120 400 
4 17.5 28.1 23.7 24.6 6.0 none 
8 16.6 23.7 23.7 29.9 6.1 very low 





16 12.0 14.9 27.7 33.7 11.7 h i g h 
20 10.1 11.6 31.5 37.5 9.3 very high 
Percentage change in 
16 days - 44 - 5 8 + 33 + 52 + 55 
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Table 3 
Effect of infection on the percentage distribution of different molecular weight 
leaf protein fractions in the wheat variety Bánkuti 1201 and the bean variety 
Pinto examined in the sporulation phase 
Molecular 
weight of 
f rac t ions (1000 x) 
Bánkut i w h e a t P in to bean 
H e a l t h y p • • 
r*. graminis 
in fec t ion 
Percentage 
change in 
f rac t ions 
H e a l t h y U. appendic. 
infect ion 
P e r c e n t a g e 
c h a n g e i n 
f r a c t i o n s 
12 16.0 10.1 — 37 19.5 10.6 — 45 
24 13.1 8.1 — 38 15.0 13.4 — 10 
36 28.2 37.7 + 3 4 26.0 30.2 + 16 
120 32.2 33.7 + 3 33.7 35.5 + 6 
400 10.5 10.4 - 1 5.8 10.3 + 77 
by the measurements. As a result of the intensive protein synthesis it is, in fac t , the amount 
of low molecular weight fractions that f i r s t increases in the parasites. It follows from the above 
tha t in any plant hormones and bioactive compounds that induce protein fractions ratios charac-
teristic of the juvenile stage can be regarded at the same t ime as resistance factors . It may be 
supposed that the characteristic increase in the level of low molecular weight (soluble) protein 
fract ions is in positive correlation with the immunologically active fractions. The latter is part 
of the indirect evidence for the pathological influence exercised on the plants by the bioactive 
compounds (systemic fungicides). To confirm the hypothesis we studied the effect of several 
systemic fungicides, which induce resistance, on protein synthesis and on the rat io of the protein 
fractions. The data in Table 4 ( P O Z S Á R et al. 1 9 7 3 ) show that these fungicides induce 
rejuvenescence by increasing the proportion of low molecular weight (soluble) protein fractions. 
After this we examined the effect of magnesium on plant protein format ion. According 
to our data the protein level of the p lants rises whenever magnesium fertilizer is applied. 
Table 5 shows the change in the soluble protein contents in wheat, maize and bean leaves as 
a response to magnesium nutrition (Kiss—POZSÁR 1972). 
The stimulatory effect on protein synthesis of magnesium applied as a foliage spray 
was demonstrated using pea and millet as indicator plants (Kiss POZSÁR 1975). 
The higher level of protein nitrogen is in itself no sufficient criterion of the increased 
field resistance; we therefore studied the change in the protein fractions in lettuce leaves sprayed 
Table 4 
Effect of systemic fungicides on the percentage distribution of protein 
fractions in Pinto bean leaves 
T r e a t m e n t 
Molecular weights uf p r o t e i n f rac t ions (1000 
12 24 36 120 400 
Control 15.1 19.2 24.0 29.9 11.8 
Benlate 19.3 24.2 25.0 29.0 2.5 
Thiabendazol 20.6 24.7 25.8 26.6 2.3 
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Table 5 
Changes in the soluble protein content of leaves as a response to magnesium 
nutrition 
Treatment 
Maize Wheat Bean 
mg 
percentage 
s t imula t ion mg 
pe rcen tage 
s t imula t ion mg 
percentage 
s t imulat ion 
Control 5.1 5.2 8.2 
Magnesium 
treatment 5.9 15.8 5.5 5.7 
in 
CO 3.6 
The protein content refers to 250 mg fresh leaf. Highest deviation from the average: 
± 0 . 1 mg. 
with magnesium sulphate 24 hours earlier (Table 6). The data in this table show tha t the increase 
in the level of the low molecular weight fraction (soluble in 0.5 per cent sodium chloride) is 
essentially greater than the change in the total protein concentration. This follows from the 
fact tha t after peptide synthesis it is the level of low molecular weight protein fractions which 
primarily rise. These da t a unequivocally prove the rejuvenating effect of magnesium as realized 
through the stimulation of protein synthesis, which can thus be regarded as a factor of field 
resistance. 
If we interpret the effect of increased protein content to mean that the bet ter nutrient 
supply results in more vigorous plant development, then the higher disease resistance — at 
least against those parasi tes which at tack the weakened p lan t — seems to be brought into 
correlation with the protein metabolism. Increased field resistance as caused by magnesium 
nutri t ion is indirectly confirmed by data concerning the higher intensity of protein synthesis. 
Thus, A K S E N O V A et al. (1968) found that in cabbage plants infected by Botrytis cinerea 
the number of ribosomes increased parallel with the infection. This process is more intensive 
in varieties with higher pathological resistance than in susceptible ones, as was pointed 
out above for the protein synthesis. According to investigations made by I S R A E L — Ross ( 1 9 6 7 )  
the protein synthesis is more intensive in the immediate neighbourhood of tissue lesions, 
developing as a result of hypersensitive reactions. 
According to L I P S H I T S (1972) potato varieties showing a pathological resistance to 
infection by Phytophthora may contain as much as 40 per cent more protein than the suscep-
tible ones. 
Table 6 
Changes irt the protein and magnesium contents of lettuce leaves as a 
response to MgSOt foliage spray, calculated for dry matter 
T r e a t m e n t 
Tota l pro te in Soluble protein 
.Magnesium 
c o n t e n t , 
m g % % 
st imulat ion, 
% % 
stimulation, 0/ 0 
Control 34.4 12.9 490 
1% MgS04 36.6 6.5 14.3 11.6 530 
Highest deviat ion 
from the average ±0 .6 
— 
± 0 . 4 
-
± 1 5 
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The stimulatory effect of magnesium on the protein synthesis is explained by its influ-
ence on the ribosomes and the role it plays in the ATP energy supply. 
M C C H A R T Y ( 1 9 6 2 ) proved by measurements that the extent of protein synthesis was 
proportionate to the number of ribosomes. According to W E T T S T E I N et al. ( 1 9 6 3 ) the protein 
synthesis takes place along a polyribosome chain, which W A R N E R et al. ( 1 9 6 2 ) confirmed bv 
means of radioactive amino acid. 
Magnesium plays an important role in maintaining the polyribosomic structure. By 
means of electron microscope examinations P A L A C E ( 1 9 5 6 ) pointed out that the ribosomes 
were linked like beads along the polyribosome, though only a t the critical 1 0 - 3 mole Mg con-
centration. The magnesium, as a cation maintaining the s t ructure , has the role of linking the 
rihosomic protein to the R N A , as directly proved by G O L D B E R G ( 1 9 6 6 ) at cell level. 
Protein synthesis — like any synthesis — is a process requiring energy, which is supplied 
hy the ATP. Of all the roles played by magnesium in processes related to ATP we w ill confine 
ourselves to quoting an amination reaction, the synthesis of glutainine: 
Glutamate2- + A T P J - + NH4+ — Glutamine- + A D P 3 - + H P O j - + H+ 
The reaction is catalyzed by the glutamine-synthetase enzyme which is activated bv 
magnesium. B E N Z I N G E R ( 1 9 5 6 ) demonstrated the free energy changes in the reaction hy micro-
calorimetric examinations. He found the free energy change at 3 7 ° C and pH 7 to be — 7 . 0  
kcal/mole in a medium containing magnesium, and — 9 . 3 4 kcal/mole in the absence of magne-
sium. According to K H A L I L ( 1 9 6 6 ) , magnesium promotes the energy delivery by linking the 
ATP and the enzyme to be activated with a co-ordinative bond, in the form of a so-called 
outer spheric complex. 
Thus it plays the role of a coenzyme bringing the two molecules close to each other and 
thereby facilitating the energy transport. A similar role is played by magnesium in the mito-
chondria. 
* 
Prepared at the Borsod Chemical Works, Kazinbarcika; Inst i tute for Crop Production. 
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T H E GERMINATION MECHANISM AND ITS ECOLOGICAL SIGNIFICANCE 
IN T H E W E E D DIGERA ALTERN IFOLIA ASCHERS 
Digéra ahernifolia Aschers Syn. D. arvensis Linn, is one of the common weeds of the 
crop fields of the country. The seeds usually fail to germinate in the laboratory. Seeds kep t 
under different temperatures for different durations and alterations, failed to germinate. To 
achieve germination different storage conditions (such as dry and moist storage at various 
temperatures in open and closed containers, also with lime, soil, calcium chloride, burial in 
soil at various depths, water logging, etc.), different pretreatments (such as with acids, alkalis, 
alcohol, glycerine, hydrogen peroxide, carbon tetrachloride for various durations, solutions 
of carbonates, ni trates, chlorides, urea, thiourea, gibberellic acid, etc.) and moistening agents 
(such as soil extract , 0.2% solution of nitrates, lime water , etc.) were employed. But in most 
of the conditions either the seed failed to germinate in the first three or four months or ger-
minated to an extent of less than 1 0 % ( D U B E Y 1 9 6 7 ) . 
In fact a great number of t rea tments and pretreatments separately and in combinations 
were tried in order to get a maximum percentage of germination in a minimum length of t ime 
in the laboratory. The described conditions and pretreatments in their particular combinations 
were found suitable and can well be compared with conditions possibly existing in nature . 
Certain mechanisms for germination have been described by B A R T O N ( 1 9 3 6 ) , M A L L 
( 1 9 5 4 ) , K O L L E R ( 1 9 5 5 ) , K O L L E R N E G B I ( 1 9 5 5 ) and R E E S ( 1 9 6 2 ) . The effect of several factors 
in germination was studied by S T E I N B A U E R — G R I G S B Y ( 1 9 5 7 ) , D A V I S — M C C A R T Y ( 1 9 6 6 )  
and D U B E Y — M A L L ( 1 9 7 2 ) . The role of promoting substances from crop root exudates was 
shown by S U N D E R L A N D ( I 9 6 0 ) and K U S T ( 1 9 6 6 ) . But the combination of many factors required 
for germination by this seed appears to be important and hence the details of the study are 
given below . The study presents the role of certain factors in the germination of more and more 
seeds of the weed in a shorter and shorter period under laboratory conditions. 
Seed collection. Nuts, hereafter called seeds (AMEN 1964), were collected at various t ime 
intervals from the crop fields of Uj ja in and other par ts of the country. The seeds were stored 
in glass bottles. 
Germination. Seeds were placed for germination on double layers of moist filter paper 
in Petri dishes. A seed was considered to be germinated when the radicle emerged. 
Experiment 1. Germination of seeds at room temperature and a t 15°C: The seeds collect-
ed on 15th October, 1st November and 15th November 1965 were placed for germination, the 
day after collection. 
Result. No seeds were able to germinate in the first 8 months, although they were 
viable. 
Experiment 2. Germination of seeds at 35°C: The seeds collected on the dates described 
in Experiment 1 were kept for germination at 35 + 1°C. 
Result. In 10 months time the germination was less than 10%, irrespective of the da te 
of collection. But this condition appears to be better than room temperature and 15°C. I t was 
found that in the first 3 months no seeds were able to germinate (Table 1). 
Experiment 3. Effect of durat ion and temperature during dry storage: Glass bott les 
containing seeds were kept for a varying number of months at 15°C, 35°C and 45°C (for the 
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Table 1 
Germination of seeds at 35°C 
Date of col lec t ion 
Percen tage о Г ge rmina t ion in t h e m o n t h s 
To ta l 
l 2 3 4 5 6 7 8 9 10 
15th October, 1965 1 2 2 4 9 
1st November, 1965 — — — 1 1 2 1 1 6 
15th November, 1965 
— — 





whole 24 hours at each temperature) , room tempera ture and at an alternation of 35°C to 15°C 
for 18/6 hours, respectively. Seeds from these bott les were kept for germination at 35°C + 1.2°C. 
Result. The most suitable condition for be t te r germination appeared to be the 45°C 
temperature and storage at this temperature for about 6 — 8 months. Longer storage appeared 
to be injurious (Table 2). 
Experiment 4. Effect of washing the Petr i dishes containing seeds for germination: 
Noting the effect of duration and temperature, the seeds utilized in all further experiments 
were stored a t 45°C + 1.7°C for 7 months. Such pretreated seeds were kept for germination 
at 35 + 1.2°C and the Petri dishes were washed daily, weekly and monthly with t ap water . 
Result. Washing had a significant effect, since daily washing resulted in 31% of the 
seeds germinating in a 4-month period. In the 5th month and onwards the germination was low 
and nil respectively (Table 3). 
Experiment 5. Effect of scarification on pre t reated seeds with daily washing: Seeds stored 
for 7 months a t 45 + 1.7°C were scarified with conc. sulphuric acid for various durations 
(in minutes). The Petri dishes containing the seeds were kept at 36 + 1.2°C and were washed 
daily. 
Result. Acid scarification for 45 minutes proved helpful in increasing the percentage 
of germination to 34 in three months . In later months the germination was very poor, even in 
the 4th m o n t h it only increased by 3%. Also, a scarification time shorter or longer than 45 
minutes, respectively, had a reduced or injurious effect on the seeds (Table 4). 
Table 2 
Effect of storage durations and temperature during storage on germination 
Storage t e m p e r a t u r e , °C 
Per cent of seeds g e r m i n a t e d 
Storage d u r a t i o n s in n on ths 
2 4 6 8 10 12 
15 ± .6 1 5 8 8 
35 ± 1 15 ± .6 (18 6hr. resp.) 
— 
1 1 7 12 13 
35 + 1 1 1 4 8 14 17 
45 ± 1.7 3 10 20 24 17 12 
Lab. temp. 28 + 1.4 (control) 
— — 
2 5 5 12 
F for temperature , duration and interaction significant at 0.001 level. 
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Table 3 
Effect of washing on germination 
Washing in terval 
Percentage ge rmina t ion in months 
Tota l , % 
1 2 3 4 5 
Daily 6 9 10 6 1 32 
Weekly 4 4 7 5 2 22 
Monthly 3 4 2 4 1 14 
Control (no washing) 1 0 2 1 5 9 
F for washing significant at 0.01 level. 
Experiment 6. Ef fec t of crop root exudate oil germination: Seeds stored a t 45 + 1.7°C 
for 7 months, scarified for 45 minutes and thoroughly leached, were soaked in a solution of 
promoter for 4 hours. These seeds were kept for germination a t 35 + 1.2°C. The promoter was 
used to moisten the f i l ter paper instead of water. Different grades of the promoter were made 
and used. 
The promoter solution was prepared by putting 100 germinating seeds of Sorghum 
vulgare Pers into Petr i dishes containing 10 ml water for 5 days. This volume was always 
made up to 10 ml during these 5 days by adding subsequently required water. The decanted 
liquid was named promoter solution. 
Result. The promoting effects of root exudates are significant, as within 2 months the 
germination percentage increased to 60 (when the undiluted solution of promoter was used). 
The effect of the promoter was much reduced when it was diluted 100 times (Table 5). 
Digera alternifolia Aschers is a well known weed of the crop fields of the country. 
A three and a half year s tudy of germination revealed interesting mechnisms which are of 
"immense ecological significance in the life cycle of such successful weeds" ( H A R P E R 1 9 5 7 ) . 
The observation t h a t the seeds fail to germinate in the first 3 — 4 months but start 
germination after this period clearly points towards after-ripening of the seed. Storage of the 
seeds at a higher tempera ture (45 * 1.7°C) and the resultant increases in germination lead 
to the conclusion that temperature enhances the after-ripening processes and have in addition 
Table 4 
Effect of acid scarification on germination in addition to preceding treatments 
Percentage in fo r tn igh t s 
Acid scarification, min . 
1 2 3 4 5 6 7 8 
Total, % 
15 1 l 4 3 1 3 1 1 4 
3 0 1 2 r 5 7 2 5 1 — 2 3 
4 5 3 7 8 5 7 4 2 1 3 7 
6 0 2 1 5 8 7 2 — 
— 
2 5 
Control (no washing and no 
scarification) 1 1 4 1 
— 
7 
F for scarification and time significant at 0.001 level. 
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Table 5 
Effect of promoter on germination of pretreated seeds 
Dilution of p r o m o t e r P e r . c e n t germinat ion 
in t w o m n n l l i t   o t h s
No promoter 
1 : 0 
1 : 10 





a weathering effect on the seed (fruit) coat. A similar condition of temperature is available in 
nature f rom March to Ju ly when the tempera ture ranges between 35 and 4 4 ° C . The significant 
effect of leaching shows the presence of some inhibitor in the seed. The scarification jus t affects 
the increase in the imbibition of water by the coat, which in nature is possibly met by the 
weathering caused by higher temperatures and also by microbial activity. Fur ther , the in-
creased percentage of germination of such pretreated seeds in the presence of the crop root 
exudate will mean only that a promoter is also necessary to enhance the processes by which the 
embryo becomes a seedling. 
Henceforth it becomes clear that the seed expresses an embryonal dormancy, a seed 
coat dormancy, an inhibitor in the body and needs promoting substances too. A successful 
germination of weed seed thus requires var ious conditions and is rather a case of multi-factorial 
germination. In fact the lack of any of these pretreatments can lengthen the period of 
germination and can make the latter in termi t tent . All these conditions or factors in nature are 
comparable with the conditions such as rest period, summer temperature, rainfall and the 
root exudates from the crop to which the seed is naturally exposed. 
A combination of all such conditions safely exists in the crop fields, which thus become 
an ideal habitat for the establishment of the weeds. One interesting feature was noted: all 
these necessary t reatments , which were given in the laboratory, cither had little effect oil the 
seed if they were applied to fresh seeds in the first 3—4 months, or the seed behaved indifferent-
ly to these conditions during this period and completely failed to germinate. 
All these factors, ecologically speaking, can be covered by the word adaptation, be-
cause, when the fate of a weed is controlled by a definite need for restricted ecological conditions 
they are then hound to adjust and adapt ( M A L L 1 9 5 4 ) . Indeed if all the conditions are seen in 
correlation to the life cycle of the weed, they will prove to he adjustments instead of ecological 
hurdles ( B I L L I N G S 1 9 5 7 ) . The validity of this statement can he understood by the following 
description. 
The incapability of a fresh seed to germinate is nothing but an escape f rom the damage 
to itself, because by the time it is shed (October—November) from the plant , the moisture in 
the soil remains inadequate to leach out the inhibitor. Henceforth the weed seed undergoes 
a period of rest during which the after-ripening takes place. By this time, the summer (April— 
June ) starts and the higher temperatures of the season are utilized for enchancing the after-
ripening and weathering of the coat as well. At the end of June the rain breaks which will 
enable the leaching of the inhibitor and will supply enough moisture for the crop seed to ger-
minate . So, while the seed is preparing for germination, the crop seedlings will come up, 
releasing the exudate f rom the roots and helping the weed seed to germinate and grow better. 
This is a great physioecological achievement of this weed, as it utilizes the crop's material 
in order to grow and to damage the former in later days. This physiological setup of Digéra 
alternifolia is a baffling problem for the farmers who leave the fields abandoned for a year 
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ín the hope that all the seeds of the weed will come up and he will uproot the seedlings, bu t on 
the basis of the above account, this hope is groundless. It is thus worth stating t h a t every 
stage of the weed's seed and its germination is a well adapted ecological stage, and the weed 
has moved to a high level of ecological at tainment. 
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EFFECT OF NUTRITION ON T H E N U T R I E N T COMPOSITION IN D I F F E R E N T 
PARTS OF TOMATOES 
The determination of the nutrient elements found in the different plant parts makes it 
possible to estimate the nutrient conditions in tomato plants. For greenhouse tomato produc-
tion a number of authors have established limit values, and the results of leaf analyses can thus 
be used directly in nutritional practice ( W A R D 1963, S M I L D E R O O R D A V A N E Y S I N G A 1968). 
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Data on the composition of the fruit were published in a summarizing work wri t ten 
by SOMOS ( 1 9 7 1 ) , while information on the nutrient content of the seed was given by S O M O S 
el al. ( 1 9 6 2 ) and T Ö L G Y E S I ( 1 9 6 9 ) . Many details have been cleared up in hydroponic and pot 
experiments concerning the interaction of the nutr ient elements as well as their effect on the 
fruit and its qual i ty ( H O W L E T T - K R E T C H M A N 1 9 6 8 , S H A R M A et al. 1 9 6 8 , H I P P G E R A R D 1 9 6 9 ,  
F O N G 1 9 7 3 ) . 
In the p lan t parts the quan t i t y and ratio of the different macro- and microelements 
change during the vegetative period ( F E R E N C Z et al. 1 9 6 4 ) . The concentration of the nutr ient 
elements is also influenced by the environmental conditions ( C A N N E L L et al. 1 9 6 3 , O R T H 1 9 7 3 ) .  
This all makes it difficult to interpret the results of plant analyses in field production, 
although the large number of examinations make it possible to discover certain correlations. For 
example. B R A D L E Y — FLEMING ( 1 9 6 0 ) found a close positive correlation between the phosphorus 
content of leaf samples taken in the first third of the vegetative period and the amount of 
frui t yield. H O W L E T T ( 1 9 7 0 ) presented limit values for the most impor tan t elements. 
Our present work is aimed at studying the effect of extreme t rea tments on the nut r ient 
composition of leaf, fruit and seed in a nutrition trial carried out at the Vegetable Crops Re-
search Insti tute on tomatoes intended for processing. I t was also aimed at finding correlations 
between the elements and the q u a n t i t y and quality of f ru i t yield and also between the individual 
elements. 
For the examinations samples of plant parts were taken from extreme treatments of a 
second year long-term nutrition tr ial set up oil a meadow chernozem soil of loamy sand at 
the Borliás s tat ion of the Vegetable Crops Research Insti tute. 
The nutr i t ion treatments were as follows: 
No. of N P A K , 0 
t r e a t m e n t 
k g / h a 
l 0 0 0 
2 1 5 0 1 5 0 1 5 0 
3 0 1 0 0 1 0 0 
4 1 5 0 1 0 0 1 0 0 
5 1 0 0 0 1 0 0 
6 1 0 0 1 5 0 1 0 0 
7 1 0 0 1 0 0 0 
8 1 0 0 1 0 0 1 5 0 
Half the nitrogen fertilizer was worked into the soil before planting, the other half 
after the setting of the first cluster; in the case of phosphorus and potassium fertilizers 75% 
was worked in in autumn and 2 5 % in spring. The average analytical results for soil samples 
taken before the fertilizer application were: pH ( H 2 0 ) : 7.7: pH (KCl): 7.4: capillary water rise 
in 5 hours: 328 m m ; hy: 1.8%; K A : 29; total salt: 0 .03%; CaC03: 1 .9%; humus: 1.87%; AL 
P 2 0 5 : 16.8 mg/100 g: AL К ,О: 11.8 mg/100 g. 
The trial was arranged in a random block design with 6 replications using the variety 
Kecskeméti Jubi leum, transplanted on 6th May 1974. 
Leaf samples were taken on three occasions: 20th June when the first cluster set, 9th 
August prior to the beginning of picking, and 12th September when the foliage s tar ted to 
decline rapidly. On the first two occasions lower and upper leaves, and in the last ease only 
upper leaves were collected. 
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To examine the quality and nutr ient composition of the fruit and the nutrient content 
of the seed 30 fruit samples per t rea tment and replication were taken on 27th August, the time 
of mass picking. 
The leaf and seed samples were dried at 80°C, then ground. The analysis of the individual 
elements was performed with air-dry material. The nitrogen content was determined using 
the method described by S A R K A D I — K R Á M E R ( 1 9 6 1 ) after destruction with sulphuric acid. All 
the other elements were analysed f rom samples reduced to ashes. From a stock solution pre-
pared according to a method recommended in the G D R ( B E R G M A N N 1 9 6 4 ) the phosphorus, 
magnesium, boron and iron were determined by coloriinetry, and the calcium, sodium and po-
tassium by flame photometry. Manganese, zinc and copper were demonstrated with a polaro-
graph according to a method described in an earlier publication ( P R O H Á S Z K A — G U R A B I 1 9 7 4 ) . 
The stock solution required for the analysis of tomato fruits was prepared using the wet 
destruction method published by T Ö L G Y E S I ( 1 9 6 9 ) . From the stock solution the elements were 
determined in the manner described above. The statistical evaluation was carried out according 
t o S V Á B ( 1 9 7 3 ) . 
The yield results of the nutrition treatments and the dry matter content of the fruit 
are presented in Table 1. The results of leaf, fruit and seed analyses are summed up in Tables 
2 - 4 . 
Nutrient composition in leaves collected at difftrenl times. The nutrient distribution in the 
tomato leaves collected at the first sampling was characterized hy the mobile elements accumu-
lating in the upper, and the immobile ones in the lower leaves (Table 2). 
The largest quant i ty of nitrogen was found in the leaves of plants given a high-rate 
complete fertilization (Treatment 2). The lowest amount of nitrogen was found in Treatment 3, 
where the level of the element in question was even lower than in the control (Treatment 1). 
The nitrogen content of plants given a rich phosphorus nutrition (Treatment 6) was also lower 
t h a n that of those in the phosphorus-deficient treatment (5). Thus, in our experiment phos-
phorus nutrition decreased the nitrogen content of the tomato leaves. 
The distribution of phosphorus in the treatments was in inverse ratio to that of the 
nitrogen. The highest amount of phosphorus was found in the leaves with the lowest nitrogen 
Table 1 
Effect of nutrition treatments on the yield and dry matter content of tomato 
No. of 
t r e a t m e n t 
Fert i l izer doses . k g / h a 
Early y ie ld , 
q /ha 
T o t a l yield, 
q ha 
D r y m a t t e r 
N p 2 o 5 K,0 
c o n t e n t i n 
f r u i t s f r o m 
m a s s p i c k i n g 
l 0 0 0 175.9 290.9 6.62 
2 150 150 150 265.0 469.9 7.69 
3 0 100 100 239.6 443.3 6.69 
4 150 100 100 237.2 435.2 7.54 
5 100 0 100 153.9 251.1 6.71 
6 100 150 100 261.6 500.0 7.29 
7 100 100 0 243.0 488.4 7.59 
8 100 100 150 238.4 459.5 7.60 
S.D. 5% 34.7 40.5 0.21 
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Table 2 
Changes in the major macro- and microelements 
No. of Fer t i l i ze r doses, kg /ha N. 6/kg P . g/kg K , g/kg 
trea-
t m e n t N Р г 0 5 K s O 
' 1 " 1 u u 
First sampling: 
1 0 0 0 28.2 36.9 2.05 2.45 24.6 24.6 3.66 2.36 
2 150 150 150 33.0 39.1 2.35 3.20 22.2 28.2 3.85 2.48 
3 0 100 100 27.2 34.6 2.85 3.90 26.2 29.1 3.40 2.00 
4 150 100 100 30.3 36.9 1.55 2.65 21.4 25.9 2.76 2.36 
5 100 0 100 29.9 38.1 1.45 1.95 27.5 29.5 3.59 2.48 
6 100 150 100 27.3 36.8 2.20 3.20 26.8 29.0 3.28 1.98 
7 100 100 0 28.4 35.9 2.05 3.00 22.0 26.6 3.28 2.48 
8 100 100 150 28.4 37.3 2.20 2.70 27.2 26.1 3.78 2.18 
Second sampling: 
1 0 0 0 18.3 25.8 1.25 1.80 9.0 6.9 5.55 7.80 
2 150 150 150 19.6 29.1 0.90 1.25 7.4 10.2 6.40 4.70 
3 0 100 100 19.7 29.1 1.35 1.55 12.2 11.2 5.85 5.85 
4 150 100 100 21.7 30.7 1.10 1.50 8.7 9.9 5.55 6.80 
5 100 0 100 20.1 23.4 1.10 1.55 7.9 7.4 6.40 7.25 
6 100 150 100 22.1 25.5 1.20 1.75 11.4 15.6 5.55 5.00 
7 100 100 0 20.7 28.8 1.45 1.90 11.2 10.3 4.45 3.10 
8 100 100 150 20.1 29.1 1.30 1.80 12.7 13.7 5.00 4.70 
Third sampling 
1 0 0 0 _ 26.2 — 1.46 — 7.0 — 7.78 
2 150 150 150 — 21.0 — 1.49 — 5.8 — 6.76 
3 0 100 100 — 22.5 — 1.67 — 5.9 — 6.76 
4 150 100 100 — 22.6 — 1.65 — 5.6 7.36 
5 100 0 100 — 26.0 — 1.67 — 5.9 - 7.54 
6 100 150 100 — 22.8 — 1.52 — 8.1 — 6.20 
7 100 100 0 — 24.7 — 1.55 — 7.8 — 6.76 







level. Plants given a high-rate complete fertilization or abundant ly supplied with phosphorus 
(Treatments 2 and 6) also had a high phosphorus content. 
The nitrogen-deficient nutrition increased not only the phosphorus supply to the leaves 
but also the potassium content . A relatively high potassium level was also found in the phos-
phorus-deficient t r ea tmen t (5). 
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of tomato leaves during the vegetative period 
Ca, g/kg Mg. g/kg Fe, mg/kg Mn, mg/kg Zn, mg/kg 
1 u ! l 
U 1
 ! u 1 U 1 1 « 
20th June 1974 
56.0 32.3 2.48 2.55 421.5 348.5 137.0 85.0 61.6 53.3 
59.1 34.8 3.06 2.30 546.5 351.0 145.0 75.0 59.7 52.4 
55.6 28.5 2.60 2.02 433.5 416.2 120.0 90.0 65.5 50.2 
50.5 30.8 2.80 2.80 216.5 330.5 80.0 50.0 48.4 51.5 
50.3 31.9 2.95 2.80 462.5 434.0 152.0 100.0 41.6 57.0 
46.5 25.9 2.90 2.10 516.5 316.0 95.0 67.0 46.3 31.9 
42.6 30.1 2.60 3.10 481.0 379.5 127.0 68.0 52.2 46.8 
49.0 25.4 2.60 2.70 417.0 361.0 110.0 50.0 42.9 42.1 
9th August 197 4 
50.0 46.4 2.80 2.72 380 315 256.2 310.0 21.8 23.6 
57.5 43.4 3.04 2.72 397 307 262.5 355.5 30.3 35.3 
41.0 40.0 3.12 2.57 360 285 258.7 310.0 28.8 29.0 
57.0 47.2 2.88 2.88 410 365 305.0 306.2 27.9 32.7 
61.5 50.5 3.00 2.78 515 307 287.5 340.0 30.2 30.1 
61.5 44.7 2.37 2.42 270 310 302.5 315.0 26.1 27.0 
45.9 31.5 2.44 2.54 410 537 230.0 220.0 19.6 20.9 
57.5 40.0 2.72 2.60 317 317 310.0 362.5 23.9 30.1 
12th September 1974 
— 80.0 — 8.99 — 705.0 — 527.5 — 28.1 
— 79.9 9.00 — 801.2 — 522.5 — 29.7 
— 75.0 8.90 — 608.7 — 505.0 — 33.6 
— 74.0 9.15 — 707.0 — 487.5 — 30.2 
— 78.4 _ 9.17 — 732.5 — 480.0 — 29.5 
— 75.0 — 9.40 — 806.0 — 422.5 — 28.5 











The different rates of nut r i t ion treatment caused hardly any change in the sodium and 
magnesium levels in the leaves, while the high-rate complete fer t i l izat ion (Treatment 2) in-
creased the calcium, iron and manganese contents. I n the nitrogen- and phosphorus-deficient 
treatments (3 and 5) the manganese content of the leaves was even higher than in plants 
given a complete fertilization (Treatment 2). The level of zinc in the leaves was relatively 
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constant, except for the t reatment rich in phosphorus, where a decrease in the zinc con ten t 
was observed. A similar conclusion was reached by O L S O N et al. ( 1 9 6 5 ) with maize and 
sorghum. 
Nutrition was found to cause the above changes in the nutrient content of the t o m a t o 
leaves. It is questionable, however, whether this effect of the different ra tes and proportions of 
fertilizers 011 the nutrient content has anything to do with the yield, or rather which of the 
examined elements is either directly or indirectly connected with the f ru i t yield of the t oma to 
plant. The correlation study showed a close correlation between the phosphorus content of 
upper leaves collected when the f irst cluster was set t ing and the early and total fruit yield 
(P = 5%, r = 0.75, n = 8, and P = 5%, r = 0.72, n = 8, respectively). 
The distribution of nutr ients as a response to nutr i t ion t reatments was roughly the same 
in leaves collected in August. The treatment effects observed earlier had become somewhat 
confused, however. Some elements, such as sodium, calcium, magnesium, iron and manganese 
increased, while others (nitrogen, phosphorus, potassium, zinc) decreased in quantity. 
As a consequence of differences in nutrition a very close negative correlation was found 
between the phosphorus and zinc contents of the leaves in this period of observation ( P -
= 1%, r = 0.88, n = 8). A negative correlation was also found between potassium and mag-
nesium (P = 5 % , r = 0.72, n = 8). 
In leaf samples collected in Septe mber only the nitrogen and iron contents showed a slight 
difference. In this period the nitrogen, phosphorus, potassium and zinc levels were sharply 
reduced, while the other elements increased in quant i ty . 
Nutrient content in tomato fruits. The changes due to fertilizer application in the nu-
trient contents of tomato fruits picked in the main harvesting period are contained in Table 3. 
The results of the analyses show tha t the different ra tes of nutrition only affected a few elements 
and even in these caused only a slight quanti tat ive change. 
An abundan t potassium supply significantly increased the nitrogen and manganese 
contents of tomato fruits, and decreased their calcium and sodium contents. In spite of the 
fact that no significant change occurred in the potassium content, there was a close positive 
correlation between the nitrogen and potassium contents of the f ru i t s (P = 5%, r = 0.75, 
n =8). The correlation between potassium and magnesium was similarly close, but negat ive 
(P = 5%, r = - 0 . 7 4 , n = 8). 
The varying rate of fertilizer application resulted in significant differences in the water 
soluble dry ma t t e r content of the tomato. The highest values were obtained with the high-rate 
complete nutr i t ion (Treatment 2), followed by the treatments rich in nitrogen, phosphorus 
and potassium, (4, 6, 8), which were significantly higher than that in the control (Treatment 1) 
and in the nitrogen- and phosphorus-deficient t r ea tmen t s (3 and 5). 
Nutrient content in tomato seeds. The smallest change caused by the fertilizers applied 
in the experiment was observed in the nutrient content of tomato seeds (Table 4). Table 5 
presents the variation coefficients for the ash components in the upper leaves from the f i rs t 
sampling, and in the fruits and seeds. It can clearly be seen that the changes caused by the 
fertilizers in the components of the different p lan t organs decrease in the following order : 
leaf fruit—seed. 
This can part ly be explained by a high degree of constancy in the seeds within a p l an t 
species ( T Ö L G Y E S I 1969). Nevertheless, external conditions, such as the nutrient level and o ther 
qualities of the soil for example, may modify this relative constancy within certain limits 
characteristic of the species. The doses applied in our trial seem to have been too low to induce 
the above-mentioned changes. Nevertheless, our results point to the zinc-reducing effect of 
a higher rate of phosphorus nutr i t ion (Treatment 6). At the same t ime, a higher rate of mixed 
fertilizer application was found to increase the copper content of the seeds compared to the 
control (Treatment 2). 
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Table 3 
Effect of nutrition on the nutrient composition of tomato fruits 
N o . of 
t r e a t m e n t 
Fe r t i l i ze r , 
k g / h a 
K , 0 
N p 
к La Mg N a F e M n Z n Cu в 
N g/Kg m g / k g 
I 0 0 0 1 . 9 7 0 . 1 4 2 . 0 3 0 . 3 0 0 . 7 4 0 . 2 9 4 . 7 0 . 8 0 1 . 2 1 0 . 9 6 0 . 3 3 
2 1 5 0 1 5 0 1 5 0 1 . 9 7 0 . 1 1 2 . 0 1 0 . 3 0 0 . 9 3 0 . 2 5 4 . 3 0 . 8 3 1 . 0 2 0 . 9 4 0 . 2 7 
3 0 1 0 0 1 0 0 1 . 8 2 0 . 1 1 2 . 1 1 0 . 3 1 0 . 8 3 0 . 2 1 3 . 9 0 . 8 9 1 . 1 3 1 . 2 0 0 . 2 8 
4 1 5 0 1 0 0 1 0 0 1 . 9 6 0 . 1 3 2 . 0 8 0 . 3 1 0 . 8 3 0 . 2 5 4 . 8 0 . 8 7 1 . 1 6 1 . 1 3 0 . 2 9 
5 1 0 0 0 1 0 0 1 . 9 5 0 . 1 5 2 . 1 3 0 . 3 1 0 . 6 8 0 . 2 5 4 . 1 0 . 8 0 0 . 9 4 0 . 8 6 0 . 2 9 
6 1 0 0 1 5 0 1 0 0 1 . 8 4 0 . 1 0 1 . 8 7 0 . 3 0 0 . 9 4 0 . 2 3 3 . 8 0 . 8 6 1 . 1 4 1 . 0 5 0 . 3 0 
7 1 0 0 1 0 0 0 1 . 8 9 0 . 0 9 2 . 0 3 0 . 2 9 0 . 7 8 0 . 2 3 4 . 6 0 . 8 8 0 . 7 5 1 . 0 2 0 . 2 9 
8 1 0 0 1 0 0 1 5 0 2 . 1 6 0 . 1 2 2 . 3 3 0 . 2 8 0 . 7 2 0 . 2 1 4 . 3 0 . 8 9 1 . 1 1 0 . 9 8 0 . 2 8 
S.D. 5% 
— — 
0 . 1 7 NS NS 0 . 0 2 NS 0 . 0 5 NS 0 . 0 5 NS NS NS 
Table 4 
Effect of nutrition on the major macro- and micro-element content of tomato seeds 
N o . of 
t r e a t m e n t 
N 
F e r t i l i z e r 
k g / h a 
P , O s K 2 0 
N p к Cu M r N a F e Mn Z n C u 
g / k S m g / k g 
1 0 0 0 4 4 . 8 7 . 9 1 4 . 3 2 0 . 6 0 3 . 2 8 0 . 2 0 1 3 8 . 2 2 3 . 8 1 7 . 8 1 3 . 9 
2 1 5 0 1 5 0 1 5 0 4 4 . 3 8 . 1 3 4 . 1 8 0 . 6 2 3 . 4 2 0 . 2 1 1 4 0 . 0 2 1 . 2 1 6 . 8 1 0 . ] 
3 0 1 0 0 1 0 0 4 4 . 8 7 . 6 0 4 . 2 9 0 . 6 0 2 . 7 5 0 . 2 1 1 3 1 . 6 1 9 . 2 1 5 . 2 1 3 . 0 
4 1 5 0 1 0 0 1 0 0 4 4 . 1 7 . 6 8 4 . 0 5 0 . 5 5 2 . 1 0 0 . 2 2 1 3 0 . 2 2 3 . 1 1 6 . 1 1 5 . 6 
5 1 0 0 0 1 0 0 4 4 . 4 7 . 3 8 3 . 9 2 0 . 5 4 2 . 1 1 0 . 1 9 1 3 6 . 5 2 2 . 0 1 5 . 4 1 1 . 7 
6 1 0 0 1 5 0 1 0 0 4 4 . 0 7 . 5 0 3 . 7 9 0 . 6 0 3 . 1 0 0 . 1 9 1 3 6 . 6 3 4 . 7 1 3 . 1 1 3 . 6 
7 1 0 0 1 0 0 0 4 3 . 4 7 . 9 4 3 . 9 3 0 . 5 6 3 . 1 0 0 . 2 0 1 4 0 . 3 2 6 . 5 1 8 . 4 1 3 . 0 
8 1 0 0 1 0 0 1 5 0 4 4 . 9 7 . 4 1 4 . 9 2 0 . 7 0 3 . 1 7 0 . 2 6 1 5 7 . 5 2 7 . 5 1 7 . 9 1 5 . 3 
5% NS NS NS NS NS NS NS NS - 2 . 3 2 
S.D. 10% 3 . 0 
VARIA 1 7 5 
Table 5 
Changes in the variation coefficients of some ash components 
in the order leaf — fruit — seed 
Ash com-
p o n e n t Leaf Frui t Seed 
p 21 16 10 
к 10 9 8 
Ca 11 9 8 
Fe 22 8 6 
Mn 24 16 11 
Zn 16 15 11 
Our results also show that in the nitrogen-deficient t rea tments the copper content of the 
tomato seeds was low, while nitrogen nutrition significantly increased the copper content in the 
plant organs examined. This suggests a relationship between copper and nitrogen. 
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T H E EFFECT O F D I F F E R E N T COMBINATIONS OF SOIL SALINITY AND 
NITROGEN LEVELS ON M I N E R A L COMPOSITION OF COTTON PLANTS 
Certain trials, though few, have been devoted to the study of the combined effect of 
soil salinity and nitrogen levels on the growth and yield of cotton plants ( K O R T A M 1 9 7 3 ) . In 
order to interpret the results obtained, it seems of special importance to investigate the changes 
shown by the mineral composition of plants under such conditions, particularly with regard 
to the contents of the three elements: N, P and K: and accordingly the present work was de-
signed. 
It should be recognized that , even at normal rates of nitrogen fertilization, there is at 
present a considerable lack of information concerning the manner of response exhibited by the 
mineral composition of cotton plants to salinity. Amongst the few publications available in 
this respect is tha t of STROGONOV ( 1 9 6 2 ) . In this investigation, it appeared that , under salini-
zat ion conditions, the relative content of potassium as well as the total amount of either 
potassium or phosphorus in cotton p lants were lowered. 
The present work was conducted during the 1970 season, in the greenhouse at the Botany 
Laboratory, National Research Centre. Dokki, Cairo, using cotton plants (Gossypium barba-
dense), cultivar Giza 66. Metal containers (from tins), measuring 30 cm in diameter X 50 cm 
in height, were used. The inner surface of the pots w as coated with three layers of bitumen to 
prevent direct contact between the soil and metal. Every pot contained 30 kg of air-dried 
Nile clay soil: and a special drainage system was employed, so that w ater movement was from 
the base upwards. Seed-sowing was on March 3, few seeds being sown in each pot. The seed-
lings were thinned a f te r the appearance of the first foliage leaf to leave four seedlings/pot. 
Rethiiining was carried out at the appearance of the second foliage leaf to leave only two 
seedlings/pot. 
Three salinity levels were employed: 0 , 0 . 4 and 0 . 8 ° O (from the dry weight of the soil) 
the salt used for investigation being a mixture of sodium sulphate and sodium chloride at a, 
ratio of 10 : 1 for the SO^"/CO- ions. Within each of the employed salinity levels, four concentra-
t ions of nitrogen in the form of ammonium nitrate were supplied, namely, 0, 2.5, 5 and 10 g 
N /po t . Thus, such a scheme included 12 treatments, each with 15 replicates. The salt mixture 
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as well as the nitrogen fertilizer were added in portions to the soil with the irrigation water, 
starting f rom the appearance of the third foliage leaf. At this part icular time, only one half 
of the salt dose together with two-fifths of the amount of nitrogen fertilizer were supplied; 
then one week later, each pot received the second half of the salt mixture dose together with 
another portion of the nitrogen fertilizer equal in amount to that added at the first t ime. The 
remaining port ion of ammonium nitrate salt, however, was supplied jus t before the onset of 
the square stage. Phosphorus and potassium fertilizers were added to the soil before sowing, 
at a rate of 5 g P 2 0 5 / po t in the form of calcium superphosphate for the former and 2 g K 2 0 / p o t 
in the form of potassium sulphate for the latter. The plants were maintained throughout de-
velopment at 6 5 % of the soil water-holding capacity. 
Five samples (at 15-day intervals) were collected: the 1st at early square (on 4th May, 
i.e. 61 days af ter sowing), the 2nd at late square, the 3rd at early bloom, the 4th at peak bloom, 
and the last at the boll formation stage. For each sample, six plants f rom three separate pots 
were taken. These plants were separated into different parts. Both leaves and stems (including 
lateral branches) were dried at 70°C for 48 hours, then finely ground and for each different part 
the dried materials from the six plants of each sample were mixed together and kept for the 
following chemical analyses: 
1) Total nitrogen, determined colorimetrieally as described by Y U E N — P O L L A R D (1952). 
2 ) Total phosphorus (P 2 0 5 ) , determined colorimetrieally as described by S N E L L — S N E L L 
(1954). 
3 ) Potassium ( K 2 0 ) , determined by flame photometer as described by B R O W N — L I L L E -
L A N D (1946). 
Relative content of total nitrogen. From Table 1, it appears t h a t the influence exerted 
upon the N content in plant tissues due to a given rise in the salinity level (compared with the 
control, i.e. 0 % salinization) was a function of the soil N concentration, the part of the p lant , 
and the developmental stage. Thus, when considering the mean values (irrespective of soil N 
level), it was shown that each of the salinization degrees: 0.4% and 0 .8% always led to a lower-
ing effect in this regard in the case of the stems, compared with the control. Even in the case 
of the leaf tissues, this type of effect was noticed a t the boll formation stage when applying 
either salinity level, as well as at most other sampling dates for the 0 .8% salt concentration 
only. Nevertheless, the reverse proved to be true with respect to the 0.4% salinity degree 
during the period prior to boll formation. 
According to the data presented in Table 1, it appears fur ther tha t , at each of the 
salinity levels used, the N content in either leaves or stems was shown in the great major i ty 
of cases throughout plant development to be increased due to the application of any of the 
soil nitrogen doses, compared with plants grown on N-free substrate. 
Relative content of total phosphorus. From Table 2, it appeared t h a t at each of the soil N 
concentrations used, the 0.8% salinity degree was shown in most cases to cause a lowering 
effect on the P content in leaves and stems, compared with the control (i.e. 0% salinization 
level): but there was no consistent t rend with respect to the effect of 0 .4% salinity degree in 
this regard. 
The data presented in Table 2 indicate fur ther tha t , at all salinity levels used, the P 
content in either leaves or stems generally appeared to be decreased due to the application of 
any of the nitrogen doses, compared with plants grown on N-free subst ra te . 
Relative content of potassium. F rom Table 3, it appears that the influence exerted upon 
the К content in plant tissues due to a given rise in the salinity level (compared with the control) 
was a function of the magnitude of the N dose, the pa r t of the plant and the developmental 
stage. However, when considering the mean values (irrespective of soil N concentration), 
it was shown tha t each of the salinization degrees led in most cases to a lowering effect in this 
regard (compared with the control) for both leaves and stems. 
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ТаЫ? 1 
Relative content of nitrogen in cotton leaves and stems (mg/g dry weight) at different 
developmental stages as inflaenced by salinity and nitrogen levels in soil 




(g N pot) 
Developmental s tages 
Ear ly square Late square Early bloom Peak bloom Boll fo rma t ion 
Leaves Stems Leaves S t ems Leaves Stems Leaves Stems Leaves | S t e m s 
0.0 5.23 4.51 4.52 3.51 5.51 4.28 4.08 3.52 4.52 3.06 
2.5 7.16 4.72 5.63 4.52 8.03 4.65 8.53 3.76 6.32 3.25 
0.0 5.0 7.24 5.01 6.13 5.21 8.21 4.25 8.73 4.21 7.65 3.42 
10.0 7.53 4.73 6.28 4.75 8.36 4.02 8.64 4.03 7.03 3.71 
Mean 6.79 4.74 5.64 4.50 7.53 4.29 7.50 3.88 6.38 3.36 
0.0 5.74 3.52 5.26 •1.26 5.76 4.03 4.56 3.67 5.21 2.79 
2.5 7.26 4.03 6.27 4.05 8.53 3.56 9.02 3.88 7.56 3.26 
0.4 5.0 7.52 4.56 7.13 4.26 8.79 4.37 9.23 3.76 6.05 3.21 
10.0 7.76 4.27 6.79 4.32 8.58 4.62 9.18 4.02 6.32 3.01 
Mean 7.07 4.10 6.36 4.22 7.92 4.15 8.00 3.83 6.29 3.07 
0.0 5.03 3.26 4.37 4.02 5.09 4.02 3.79 3.26 4.36 3.06 
2.5 6.27 3.52 5.76 3.77 7.52 4.03 8.06 3.56 6.32 4.15 
0.8 5.0 7.03 3.46 6.28 4.52 7.78 4.28 8.15 3.42 5.72 3.01 
10.0 7.15 3.74 6.78 4.75 8.03 4.31 8.53 3.71 7.03 2.97 
Mean 6.37 3.50 5.80 4.27 7.11 4.16 7.13 3.49 5.86 3.30 
Mean values for 0.0 5.33 3.76 4.72 3.93 5.45 4.10 4.14 3.48 4.70 2.97 
the effect of 2.5 6.90 4.09 5.89 4.11 8.03 4.07 8.54 3.73 6.73 3.55 
nitrogen level 5.0 7.26 4.32 6.51 4.66 8.26 4.30 8.70 3.80 6.47 3.21 
10.0 7.48 4.25 6.62 4.61 8.32 4.32 8.78 3.92 6.79 3.23 
The da ta presented in Table 3 show fu r the r that , at all salinity levels employed, the 
values of the К content in e i ther par t of the plant were generally- of higher magnitude under 
the conditions of N-application, t h a n for plants grown on an N-free medium. V hen considering 
the mean values (irrespective of salinity level), a progressive increase in this regard was no-
ticed in most eases as the soil N level was considerably raised. 
Our results indicate t h a t the relative content of nitrogen, phosphorus or potassium 
in cotton plants decreased in most eases under salinity conditions. These observations agreed 
with the findings, among others , of GAUCH W A D L E I G H (1945) with regard to N ; PÁLK1 
(1965) with regard to P; S T R O G O N O V (1962) for Iv. Such effects might partly he a t t r i bu ted to 
a much more pronounced decrease in the uptake of the above-mentioned three minerals than 
in drv mat te r accumulation under salinity conditions. The latter t vpe of response was noticed 
by S T R O G O N O V (1962) and K O R T A M (1973) in cot ton plants. The retarded uptake of minerals 
when using a saline substrate was reported, e.g., by G A U C H V T A D L E I G H (1942) with respect 
to N ; S H I M O S E (1963) with respect to K ; S T R O G O N O V (1962) in the case of P: though a consid-
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Table 2 
Relative content of phosphorus in cotton leaves and stems (mg/g dry weight) at 
different developmental stages as influenced by salinity and nitrogen levels in soil 




dose Early squa re Late square Ea r ly bloom Peak b loom Boll formation 
(g N pot) 
Leaves S t e m s Leaves Stems Leaveg Stems Leaves S t e m s Leaves Stems 
0.0 0.45 0.32 0.62 0.35 0.75 0.38 0.60 0.45 0.46 0.46 
2.5 0.42 0.28 0.62 0.32 0.68 0.37 0.58 0.43 0.45 0.45 
0.0 5.0 0.38 0.23 0.56 0.35 0.51 0.35 0.52 0.42 0.51 0.39 
10.0 0.39 0.23 0.52 0.28 0.53 0.36 0.45 0.38 0.41 0.42 
Mean 0.41 0.27 0.58 0.33 0.62 0.37 0.54 0.42 0.46 0.43 
0.0 0.43 0.28 0.64 0.31 0.82 0.36 0.61 0.51 0.52 0.51 
2.5 0.41 0.26 0.58 0.28 0.81 0.35 0.54 0.43 0.45 0.48 
0.4 5.0 0.36 0.28 0.56 0.26 0.83 0.32 0.51 0.41 0.42 0.50 
10.0 0.34 0.25 0.52 0.24 0.71 0.30 0.48 0.35 0.35 0.42 
Mean 0.39 0.27 0.58 0.27 0.79 0.33 0.54 0.43 0.44 0.48 
0.0 0.41 0.27 0.61 0.28 0.66 0.35 0.54 0.43 0.50 0.50 
2.5 0.37 0.25 0.55 0.31 0.58 0.25 0.50 0.38 0.44 0.46 
0.8 5.0 0.35 0.26 0.48 0.26 0.62 0.27 0.48 0.41 0.43 0.37 
10.0 0.32 0.21 0.51 0.24 0.58 0.24 0.51 0.37 0.41 0.41 
Mean 0.36 0.25 0.54 0.27 0.61 0.28 0.51 0.40 0.45 0.44 
Mean values for 0.0 0.43 0.29 0.62 0.31 0.74 0.36 0.58 0.46 0.49 0.49 
the effect of 2.5 0.40 0.26 0.58 0.30 0.69 0.32 0.54 0.41 0.45 0.46 
nitrogen level 5.0 0.36 0.26 0.53 0.29 0.65 0.31 0.50 0.41 0.45 0.42 
10.0 0.35 0.23 0.52 0.25 0.61 0.30 0.48 0.37 0.39 0.42 
eräble amoun t of controversy exists in l i terature on the accumulation of the l a t t e r mineral 
under salinization conditions ( G A U S M A N et al. 1 9 5 8 ) , that might point to the absence of A 
sharp-cut trend for the response exhibited by the relative content of P to salinity. In this 
regard, it might be pointed out that our results obtained for changes in the P conten t in plant 
tissues in the case of the 0 .4% salinity level showed no consistent trend. 
On the other hand, it was generally shown in our results t ha t the content of either N 
or К irr piartt tissues was increased but that of P decreased due to N fertilization. The negative 
response of the P content to heavy N application in cotton plants was noticed by S A A D ( 1 9 7 1 ) .  
On the other hand, the positive influence exer ted upon the relative content of N in such plants 
due to the same type of t rea tments was repor ted, among others, by V I V E K A N A N D A N et al. 
( 1 9 7 0 ) . I t seems that at high soil N levels, the stimulation in N uptake exceeds tha t exhibited 
by dry mat te r accumulation; the latter type of effect was shown, e.g., by K O R T A M ( 1 9 7 3 )  
in cotton plants. The increase in N absorption by such plants following N fertilization was 
reported, e.g., by D A S T U R ( 1 9 6 2 ) . In the same investigation, it was further indicated tha t this 
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Table 3 
Relative content of potassium in cotton leaves and stems (mg/g dry weight) at 
different developmental stages as influenced by salinity and nitrogen levels in soil 
Sal t concentration 
(%) 
Ni t rogen 
dose 
Deve lopmenta l stages 
Early square Late square E a r l y )loom Peak b loom Boll formation 
(g. N /po t ) 
Leaves S t ems Leaves Stems Leaves Stems Leaves Ste ins Leaves Stems 
0.0 1.52 1.25 1.63 1.13 1.26 1.01 1.87 1.32 1.64 0.88 
2.5 1.63 1.31 1.67 0.95 1.27 0.83 1.72 1.45 1.71 0.97 
0.0 5.0 1.65 1.32 1.82 1.42 1.64 1.32 1.98 1.41 1.82 1.03 
10.0 1.72 1.35 1.86 1.52 1.93 1.45 2.01 1.51 1.96 1.45 
Mean 1.63 1.31 1.75 1.26 1.53 1.15 1.90 1.42 1.78 1.08 
0.0 1.52 1.05 1.67 1.16 1.18 1.04 1.29 0.97 1.39 0.95 
2.5 1.54 1.25 1.50 1.28 1.43 1.31 1.72 1.08 1.76 0.97 
0.4 5.0 1.62 1.42 1.75 1.07 1.55 1.42 1.92 1.19 2.21 1.05 
10.0 1.83 1.35 1.76 1.28 1.88 1.38 1.99 1.32 1.68 1.23 
Mean 1.63 1.27 1.67 1.20 1.51 1.29 1.73 1.14 1.76 1.05 
0.0 1.13 1.03 1.19 0.85 1.23 1.18 1.16 0.95 1.65 0.91 
2.5 1.35 1.21 1.45 1.23 1.42 1.23 1.81 1.21 1.67 0.96 
0.8 5.0 1.52 1.18 1.52 1.62 1.53 1.36 2.07 1.42 1.65 1.28 
10.0 1.46 1.35 1.63 1.65 1.61 1.27 2.05 1.36 1.95 1.12 
Mean 1.37 1.19 1.45 1.34 1.45 1.26 1.77 1.24 1.73 1.07 
Mean values for 0.0 1.39 1.11 1.50 1.05 1.22 1.08 1.44 1.08 1.56 0.91 
the effect of 2.5 1.51 1.26 1.54 1.15 1.37 1.12 1.75 1.25 1.71 0.97 
nitrogen level 5.0 1.60 1.31 1.70 1.37 1.57 1.37 1.99 1.34 1.89 1.12 
10.0 1.67 1.35 1.75 1.48 1.81 1.37 2.02 1.40 1.86 1.27 
rise in N uptake was accompanied by a corresponding increase in К absorption. This type of 
f inding, in turn, might point to the elevated values shown in our experiments for the К con-
ten t at high soil N levels. 
* 
Prepared at the Botany Laboratory, National Research Centre. Dokki, Cairo; Depart-
ment of Agricultural Botany and Plant Pathology, Facul ty of Agriculture, Ain Shams Uni-
versity, Cairo. 
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TR1TICUM TIMOPHEEYI Z H U K . WITH SHORT, CLOSE-PACKED SPIKES 
The wheat species Triticum timopheevi Zhuk. was discovered by Z H U K O V S K Y (1928) 
'n West Georgia, in the foothills of the Caucasus (400 800 m above sea level). A characteristic 
feature of the species is the hairiness of the leaf. The spike is compact, awned, with a fragile 
Spindle, difficult to thresh; the grain is longish. 
Zhukovsky distinguished two varieties within the species, to xvhich F L A K S B E R G E R 
(1935) gave the following taxonomic descriptions: 
The spikes are yellow, pinkish or reddish, hairy, with red grains. 
1. The awns are the same colour as the spike 
var. typicum Zhuk. 
2. The awns are black 
var. viticulosum Zhuk. 
Besides these two varieties E R I T Z Y A N (1939) and M E N A B D E (1948) described five con" 
stant forms segregated from species hybrids of T. timopheevi Zhuk. Taking into consideration 
these new varieties M E N A B D E (1948) placed the varieties of T. timopheevi Zhuk. into two variet-
al groups (grex) on the basis of the length and compactness of the spike: 
1. grex compacto-planiusculum Men. 
The spike is compact or very compact (D up to 50). 
var. rubiginosum Eritz. 
var. typicum Zhuk. 
var. viticulosum Zhuk. 
var. nigrum Eritz. 
2. grex plano-supercompaclum Men. 
The spike is very compact (D = up to 50 -70) and short (up to 4 em), 
var. pseudo-rubro-compressum Men. 
var. rubro-compressum Eritz. 
var. nfgro-compressum Eritz. 
9* Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
1 8 2 VARIA 
L E L L E Y RAJHÁTHY (1955) and L E L L E Y — M Á N D Y (1963) emphasize the poor morphologi-
cal variability of T. timopheevi Zhuk. and describe no varieties. In his summarizing work 
Z H U K O V S K Y (1964) only gives an account of the var . lypicum Zhuk. (In the first half of the 
20th century this type was grown in Georgia under the name Zanduri in combination with 
the species T. monococcum L. va r . hornemannii Clem, and T. zhukovskyi Men. et Eritz. on an 
area of 4 0 0 — 5 0 0 ha.) According to S H I H A R U L I D Z E (1968) the species T. timopheevi Zhuk. has 
two varieties. D O R O F E E V (1972) also considers t h a t no substantial morphological differen-
tiation has taken place within the species. D O R O F E E V (1972) presents Menabde's taxonomy for 
T, timopheevi Zhuk. but notes t h a t with the exception of the two basic varieties the varieties 
described are constant forms selected from interspecific hybrids. 
In 1950 Zhukovsky noticed a new type na tura l mutant in a T. timopheevi Zhuk. plot. 
The derivatives of the plant proved to be constant, therefore Z H U K O V S K Y — M I G U S H O V A (1969) 
described it as a new species unde r the name Triticum mililinae Zhuk. et Migush. This variety 
has the same ploidy level as T. timopheevi Zhuk. (2n = 28), and except for the properties of the 
spike its characteristic features are identical with those of the lat ter . The spike of '/'. militinae 
Zhuk. et Migush. is very compact (D = 50 70), very short (3.5 — 4.5 cm) and black when ripe. 
Fig. 1. Triticum timopheevi Zhuk. var. compactum Szalay and var. timopheevi spikes 
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Fig. 2. Triticum timopheevi Z h u k . va r . compactum Sza lay 
T h e A g r i c u l t u r a l R e s e a r c h I n s t i t u t e of t h e H u n g a r i a n A c a d e m y of Sciences r e c e i v e d 
seed of T. timopheevi Zhuk . v a r . typicum Zhuk . ( v a r . timopheevi a c c o r d i n g to the p r e s e n t n o m e n -
c l a tu re ) in 1950 f r o m the c o l l e c t i o n of the А Н - U n i o n P l a n t G r o w i n g I n s t i t u t e ( V I R - L e n i n g r a d ) . 
T h e d e r i v a t i v e s of th i s s a m p l e w e r e sown e v e r y y e a r a t M a r t o n v á s á r a n d used in i n t e r s p e c i f i c 
a n d i n t e r g e n e r i c T r i t i c u m c r o s s i n g . 
In 1961 a p l an t wi th c o m p a c t , shor t a n d c lo se -packed sp ikes w a s not iced in a T. timo-
pheevi Z h u k . v a r . timopheevi p l o t ( sown in p o t s o n 2 0 t h S e p t e m b e r 1960 , t r a n s p l a n t e d t o t h e 
biological n u r s e r y on 26 th N o v e m b e r at a s p a c i n g of 30 X 30 c m ) . 
T h e d e r i v a t i v e s of v a r . timopheevi and t h e c o m p a c t - s p i k e v a r i a n t were sown i n a u t u m n 
a n d sp r ing a t a spac ing of 10 X 15 cm and f o l l o w e d wi th a t t e n t i o n i n t h e biological n u r s e r y 
of our I n s t i t u t e . Af t e r r i p e n i n g t h e p lan t s were p u l l e d up and p r o c e s s e d one by o n e . V a l u e s 
r e fe r r ing t o t h e sp ike were a v e r a g e d f r o m the p r o c e s s i n g d a t a of t h e m a i n spikes of t h e p l a n t s . 
T h e v a l u e of c o m p a c t n e s s w a s c a l c u l a t e d us ing t h e genera l ly a c c e p t e d f o r m u l a 
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j j t o t a l n u m b e r of sp ikes X 100 
l e n g t h of t h e spindle in m m 
Cross ing was car r ied o u t in the usual w a y , unde r a ce l l ophane isolator. 
The c o m p a c t - s p i k e p lan t found i n 1961 had a spike l e n g t h of 5 cm, a c o m p a c t n e s s va lue 
of D - 44.0 and an a v e r a g e of 10.3 g r a i n s pe r spike. The t y p i c a l p lants in t h e s a m e plot devel-
o p e d 8 cm long sp ikes w i t h a c o m p a c t n e s s value of D 27 .3 and an a v e r a g e of 34.7 gra ins / 
s p i k e . In the new f o r m flowering b e g a n seven days l a t e r (on 19th J u n e ) t h a n in the control 
( on 12 th June ) . 
I n s u b s e q u e n t y e a r s the c o m p a c t - s p i k e p lants s t e a d i l y t r a n s m i t t e d t h e i r charac ter i s t ic 
t y p e of spike. The o r ig ina l T. timopheevi Z h u k . var . timopheevi and the c o m p a c t - s p i k e v a r i a n t 
- t o which we g a v e t h e name T. timopheevi Zhuk. v a r . compactum Szalay (SZALAY 1964)  
s h o w a s t r iking d i f f e r e n c e in the shape of t h e spike (Figs I a n d 2). Accord ing ly , t h e r e are consid-
e r a b l e di f ferences in t h e length of t he s p i k e and the va lue of compac tness . 
T. timopheevi Z h u k . var. rompactum Szalay 
T. Timopheevi v a r . comportant Sza l ay nova v a r i e t a s est. Spicas h a b e t f lavescentes , 
p l a n a s , breves ( 3 5 — 5 0 millesimas m e t r i p a r t e s long i tud in i s ) , densas s p i s s a s q u e (D = 45 — 70), 
p a r u m pilosas, s p i n o s a s , fragiles. G l u i n a 1 I —14 mi l les imas met r i pa r tes l o n g a es t , umeri glu-
m a r u n t conspieui s u n t , g lumae r h a c h i s in acus g lumae 3 - 5 millesimas m e t r i pa r t e s l ongum 
des in i t . Caryopsis r u f a , oblonga, pa l e i s ex imi difficilis e s t . 
Charac te r i s t i c d a t a obta ined f o r t h e two t ypes in 1965 and 1975 a r e p r e s e n t e d in Tab l e 
1. In 1965 — fo l lowing an a u t u m n s o w i n g — the a v e r a g e l e n g t h of the m a i n sp ike was 7.5 c m 
in v a r . timopheevi a n d 4.2 cm in v a r . compactum Sza lay . In 1975, in a s p r i n g sowing, the m a i n 
s p i k e s of var . timopheevi and var . compactum had an a v e r a g e length of 7.8 a n d 4.3 cm, respec-
t i v e l y . 
The a v e r a g e v a l u e of c o m p a c t n e s s was D = 31.4 in 1965 and D 27 .3 in 1975 for v a r . 
timopheevi, a n d 55.7 a n d 53.8, r e s p e c t i v e l y , for var . compactum Szalay. 
Var . timopheevi produced m o r e g r a i n s in the m a i n sp ike in both y e a r s ( x — 37.1 in 1965 
a n d 41.1 in 1975) t h a n the c o m p a c t f o r m (x = 29.6 in 1965 and 33.5 in 1975) . Var . timopheevi 
exceeded the n e w var ie t i e s in t h o u s a n d - g r a i n - w e i g h t as well (43.6 and 37 .3 g in 1965 and 31 .3 
a n d 25.9 g in 1975). 
As m a y be seen in Table 1, e a r i n g a n d f lower ing o c c u r r e d later in v a r . compactum Sza l ay 
t h a n in var . timopheevi in both yea r s . A s t o the o ther f e a t u r e s considered ( p l a n t height , n u m b e r 
of spikes per p l a n t ) differences b e t w e e n t he tw7o t y p e s c a n be regarded as acc iden ta l . 
The l a t e r f l o w e r i n g in the c o m p a c t - s p i k e p l a n t s decreases the p r o b a b i l i t y of a s p o n t a -
n e o u s crossing of t h e two forms. A r t i f i c i a l crossing r e s u l t s in a lower g r a i n s e t t i ng pe rcen tage 
t h a n in c o m b i n a t i o n s wi th in the spec ies in general (Table 2). The average g r a i n se t t ing pe rcen t age 
of T. timopheevi Z h u k . var . timopheevi X var . compactum Szalav over s ix ye a r s was 1 1 . 2 ° 0 . 
T h e probable e x p l a n a t i o n for this is t h a t the spikes of t i l le rs had to be c a s t r a t e d for this combi -
n a t i o n . In the r ec ip roca l crosses 3 6 . 5 % of the f lowers became fert i le. (Wel l -deve loped sp ikes 
were pol l inated w i t h t he pollen o b t a i n e d f rom the s p i k e s of tillers.) 
The f i r s t g e n e r a t i o n der ived f r o m crossing t h e t w o va r i an t s d e v e l o p e d var . timopheevi-
t y p e spikes i r r e spec t i ve of the d i r e c t i o n of crossing. T h e effect of t h e o t h e r parent v a r . 
compactum S z a l a y — was felt in t h e l e n g t h and c o m p a c t n e s s of the s p i k e , t hough the l a t t e r 
va lue s were b u t s l ight ly modif ied ( T a b l e 3). In t he y e a r s in which t h e inves t iga t ions were 
car r ied out (1966. 1974) the spikes in t h e F , genera t ion were shorter by a n ave rage of 0.5 — U.9 
cm than the sp ikes of va r . timopheevi. The compac tnes s of t he hybr id s p i k e s grew by an a v e r a g e 
v a l u e of 3 9 c o m p a r e d to this p a r e n t . 
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Table 1 
Major characteristics of T. timopheevi Zhuk. var. timopheevi and var. compactum 
Szalay plants 
(Martonvásár, biological nursery) 
1965 
( s o w i n g : 17. 10. 1964) 
1975 
( s o w i n g : 10. 3. 1975) 
v a r . timopheevi var . compactum var . timopheevi var . compactum 
X s X » X S X •s 
D a t e of ear ing 13. 6. — 17. 6. — „ 10. 6. 19. 6. ы 




14. 6. 23. 6. 
— 
P l a n t he igh t , cm 157.0 5.4 163.0 5.9 141.5 5 .2 135.8 11.1 
N u m b e r of sp i k e s / p l an t 30.7 12.3 34.3 12.4 3.9 1.2 5.6 1.5 
S p i k e l eng th , cm 7.5 0.6 4.2 0 .4 7.8 0 . 6 4.3 0 .4 
N u m b e r of sp ike le t s / sp ike 23.4 2.5 22.9 2.1 21.4 1 .1 23.2 2 .3 
C o m p a c t n e s s of spike ( D ) 31.4 3.6 55.7 6 .8 27.3 2 . 3 53.8 5 .8 
N u m b e r of g r a in s /ma in sp ike 37.1 9.5 29.6 5.4 41.1 9 .5 33.5 9.7 
T h o u s a n d - g r a i n - w e i g h t , g 43.6 5.8 37.3 3.1 31.3 3 .2 25.9 4.1 
Table 2 
Crossing data of T. timopheevi Zhuk. var. timopheevi and var. compactum Szalay 
(Martonvásár, biological nursery) 
N u m b e r of 
f lowers 
N u m b e r of 
g r a i n s Pe rcen t age g r a i n s e t t i n g 
va r . timopheevi X 
va r . compactum 1970 600 3 1 5 .1 
1971 280 60 21 .4 
1972 620 65 10.4 
1973 400 21 5.2 
1974 180 52 28 .8 
1975 200 27 13.5 
To ta l 2280 2 5 6 average 1 1 . 2 % 
va r . compactum X 
va r . timopheevi 1970 540 194 35 .9 
1971 140 67 4 7 . 8 
1972 800 380 4 7 . 5 
1973 760 114 15.0 
1974 — — — 
1975 200 136 68 .0 
To ta l 2440 891 average 3 6 . 5 % 
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Table 3 
Spike delta of T. timopheevi Zhuk. var. timopheevi, var. compactum Szalay and their 
Fl generations 
( Martonvásár, biological nursery) 
D e s i g n a t i o n n 
Spike l e n g t h , 
c m 
N u m b e r of 
spikelets /spike ü-value 
N u m 
g r a i n s 
>er of 
spike 
•V S X S X 
* 
s 
Sown Oil 7. 10. 1965, h a r v e s t e d in 1966 




ic 1.9 29.7 7.9 
var. timopheevi X 
var. compactum 1 . 17 6.1 0.7 22 2 2.9 34.5 11.8 35.5 8.6 
var. compactum X 
var. timopheevi F, 9 5.8 1.0 21.8 3.0 37.5 4.8 41.0 6.9 
var. compactum 20 3.8 0 .4 20.0 1.5 52.9 5.3 26.5 8.0 
Sown on 27. 9. 1973, h a r v e s t e d in 1974 
var. timopheevi 13 8.6 0 .7 21.3 2.1 24.1 1.9 36.7 4.5 
var. timopheevi X 
var. compactum F, 10 8.0 0 .9 23.3 1.3 29.3 3.4 37.5 5.8 
var. compactum 
var . timopheevi F t 18 8.1 0 .5 21.9 1.9 26.9 
CO 
c-i 3 7 .3 4.1 
var. compactum 8 4.8 0 .7 22.5 0.9 47.4 9.0 34.2 5.1 
M o s t spikes of the F 2 p l a n t s r e p r e s e n t e d t h e var. timopheevi t ype with v a r y i n g spike 
length a n d compac tness . A c c o r d i n g to the r e s u l t s of our o b s e r v a t i o n s 5 — 1 5 % of t h e p l an t s in 
the second genera t ion p r o d u c e spikes more c o m p a c t t han D = 50 a n d can thus be r ega rded as 
belonging t o t h e compac t t y p e . 
i n 1973 we were g i v e n t he o p p o r t u n i t y of sowing a n d o b s e r v i n g the t w o va r i e t i e s in 
ques t ion of T. timopheevi Z h u k . a t the Moscow expe r imen ta l s t a t i o n of the C e n t r a l Botan ica l 
Garden of t h e Academy of Sc iences of the S o v i e t Union . The v a r . compactum S z a l a y re ta ined 
its c h a r a c t e r i s t i c shape of s p i k e . 
T h e compac t - sp ike p l a n t observed in 1961 is considered to h a v e been a n a t u r a l m u t a n t . 
I ts d e r i v a t i v e , which s t e ad i l y t r a n s m i t s its c h a r a c t e r i s t i c f e a t u r e s , is regarded as a n e w var ie ty 
of T. timopheevi Zhuk. On t h e bas i s of our i n v e s t i g a t i o n s the new v a r i e t y seems t o be t h e result 
of a m u l t i f a c t o r i a l recessive c h a n g e . 
MENABDE (1963) c o n s i d e r s T. timopheevi Z h u k . var . compactum Szalay t o b e identical 
with T. timopheevi Zhuk. c o n v a r . (grex) plano-supercompactum M e n . var . rubro-compressum 
Eri tz . T h i s l a t t e r cons t an t f o r m was selected b y ERITZYAN (1939) f r o m among t h e h y b r i d s of 
T. timopheevi Zhuk . X T. persicum Vav. ( s y n . : T. curthlicum N e v s k i ) va r . fuliginosum Zhuk. 
T h e sp ike of T. timopheevi Zhuk. va r . compactum Szalay is s imi l a r to t h a t of T. militinae 
Zhuk. e t M i g u s h . It is w o r t h m e n t i o n i n g t h a t u n d e r different c o n d i t i o n s s p o n t a n e o u s m u t a n t s 
wi th s i m i l a r spikes a p p e a r e d w h i c h showed a p p a r e n t difference o n l y in the colour of t h e spike. 
(The sp ike of T. militinae Z h u k . e t Migush. d e s c r i b e d as b lack b y t h e au thors w a s f o u n d to be 
dark b r o w n a t M a r t o n v á s á r . ) 
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T h e r e d o e s n o t s e e m to he a n y j u s t i f i c a t i o n f o r r e g a r d i n g th i s n a t u r a l m u t a n t s e l e c t e d 
i n M o s c o w as a s e p a r a t e spec ies . I n o u r o p i n i o n i t c a n b e c l a s s i f i ed in t h i s s p e c i e s u n d e r t h e 
n a m e of T. timopheevi Z h u k . v a r . militinae Z h u k . e t M i g u s h . 
* 
P r e p a r e d a t t h e A g r i c u l t u r a l R e s e a r c h I n s t i t u t e of t h e H u n g a r i a n A c a d e m y of S c i e n c e s , 
M a r t o n v á s á r . 
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S O I L S 
I I I . K i n e t i c s of K , Ca a n d Mg 
I n e a r l i e r c o m m u n i c a t i o n s (MOHANTY— PATNAIK 1 9 7 5 , 1976) k i n e t i c s o f p H , E h . C, 
N , P , F e a n d M n in d i f f e r e n t r ice g r o w i n g so i l s as a f u n c t i o n of t i m e of s u b m e r g e n c e w e r e r e -
p o r t e d a s q u a n t i f i e d g e n e r a l f u n c t i o n s . T h i s p a p e r dea l s w i t h t h e t r a n s f o r m a t i o n s of K , Ca a n d 
Mg i n t h e s e soils a s a f u n c t i o n of t i m e o f s u b m e r g e n c e . 
T h e d e t a i l s of t h e so i l s s t u d i e d a n d t h e t e c h n i q u e of e x t r a c t i o n s of t h e i n c u b a t e d soils 
w e r e r e p o r t e d e a r l i e r (MOHANTY—PATNAIK 1975). P o t a s s i u m in t h e N a C l e x t r a c t w a s d e t e r -
m i n e d c o l o r i m e t r i c a l l y (SNELL— SNELL 1 9 4 9 ) a n d Ca a n d M g b y t i t r a t i o n w i t h v e r s e n a t e 
(CHENG—BRAY 1951) . T h e d a t a w e r e p r o c e s s e d in I B M 1 6 2 0 c o m p u t e r t o f i t t h e k i n e t i c s in 
l i n e a r , q u a d r a t i c , l o g a r i t h m i c a n d e x p o n e n t i a l f u n c t i o n s . 
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T a b l e 1 
Equations for change in NaCl extractable potassium icith time of submergence in 
different soils 
Sai l No . 
( l o c a t i o n a n d soil t y p e ) E q u a t i o n s bes t f i t t e d •b ' 'c' R!, % 
5 ( B e r h a m p u r , red l o a m ) 
у —a + bt + CÍ- 26.58 1.71 0.21 22.14 
6 ( C h a k u l i , red loam) -do- 67.46 9.00 — 1.75 61.15 
12 ( C u t t a c k , al luvial) 
-do- 21.15 - 2 . 6 3 0 .30 21.48 
14 ( K i y a n g , a l luvial) 
-do- 14.36 3.11 0 .63 93.11 
15 ( K e n d r a p a r a , a l luvial) -do- 27.89 - 5 . 2 0 0 .80 29.36 
18 ( P a l u r , b l a c k ) -do- 5 .41 6.87 - 0 . 9 7 91.45 
20 ( I v e s h p u r , saline) -do- 103.13 5.46 0 .90 7.03 
1 ( B h u b a n e s w a r , l a t e r i t e ) ln у = b In (i + 1 ) + 
+ c[ln (t + I)]2 2.62 0.54 — 0.28 29.46 
2 ( S u k i n d a , la te r i te ) -do- 3 .03 0.06 - 0.07 39.35 
3 ( P a t t a m b i , la te r i te ) -do- 3.46 1.31 — 0 .63 57.93 
4 (Mysore , l a te r i t e ) -do- 2.42 2.34 — 1.12 95.98 
7 ( P a r m a n p u r , red l o a m ) -do- 4 .43 - 0.05 - 0 .16 66.41 
8 ( G a m h a r i p a l l i , red l o a m ) -do- 4 .46 — 0.19 0 .002 24.75 
9 (Ch ip l ima , red loam) -do- 4 .20 0.63 - 0 .55 76.58 
10 ( B a r g a r h , red loam) -do- 4 .37 0.29 0 .40 81.77 
11 ( B a r p a l i , red loam) -do- 4.72 - 0 . 1 6 0 .12 51.80 
13 (Saksh igopa l , a l luvia l ) -do- 3 .32 0.25 — 0 .13 42.12 
16 ( B o l a n g i r , black) -do- 4 .04 0.20 — 0.29 43.86 
17 ( A r k h a b a h a l i , b lack) -do- 3 .51 0.45 0.31 28.36 
19 (Nel lo re , b lack) -do- 1.84 2.25 0 .99 73.20 
I n d iscuss ing t h e r e s u l t s o b t a i n e d in t h e s e i n v e s t i g a t i o n s , d a t a in r e s p e c t of t h e va lue 
of t h e p a r a m e t e r s s t u d i e d h a v e n o t been p r e s e n t e d to save s p a c e b u t h a v e b e e n s t a t e d in the 
t e x t . Of t h e f o u r f u n c t i o n s f i t t e d for e a c h p a r a m e t e r , t h e one w i t h t h e h ighes t R 2 v a l u e h a s been 
se lec ted a n d s u m m a r y t a b l e s o n t he se p r e d i c t i o n e q u a t i o n s h a v e on ly been p r e s e n t e d giving 
the i r n a t u r e ' a ' , ' b ' , ' с ' a n d R - va lues . 
Change in available K. S e v e n ou t of t h e 20 soils fo l lowed q u a d r a t i c t r a n s f o r m a t i o n of К 
as a f u n c t i o n of t i m e ( T a b l e 1). T h e r e w a s a r a p i d increase in a v a i l a b l e К d u r i n g t h e f i r s t 10 
d a y s of s u b m e r g e n c e a f t e r w h i c h t h e r e w a s a m a r k e d d e c r e a s e b e t w e e n 20 — 50 d a y s fol lowed 
b y e i t h e r no change or s l i g h t dec rease . T h e v a l u e s of ava i l ab le К a t t h e end of t h e 7 0 - d a y per iod 
in ac id soils were f o u n d t o b e h ighe r t h a n t h o s e p r e s e n t i n i t i a l l y . T h e s e soils h a d l o w organ ic 
m a t t e r . 
T h e r e m a i n i n g 13 soi ls e x h i b i t e d e x p o n e n t i a l p a t t e r n of К t r a n s f o r m a t i o n s w h e r e the re 
w a s a g r a d u a l increase in a v a i l a b l e К u p t o 20 d a y s of s u b m e r g e n c e fo l lowed b y a g r a d u a l de-
c rease u p to 50 days a f t e r w h i c h there w a s e i t h e r no c h a n g e o r a s l igh t d e c r e a s e . T h e s e soils, 
t h o u g h v a r i e d wide ly in t h e i r p h y s i c o - c h e m i c a l p rope r t i e s , h a d , in genera l , m o d e r a t e to high 
o r g a n i c С a n d low CEC. 
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Table 2 
Equations for change in NaCl extractable calcium u-ith time of submergence in 
different soils 
So i l 
N o . 
E q u a t i o n s best l i f t ed ' a ' 'b' V 1 R«, % 
3 Y =a + bt + ct- 208.63 - 8 . 7 7 0.63 73.01 
6 -do- 671 .74 60.69 — 10.43 90.76 
7 -do- 340.25 300.20 — 3.21 64.61 
16 -do- 1972.01 107.38 — 26.36 75.55 
18 -do- 963.47 — 268.45 244.85 91.37 
20 -do- 531.87 - 1 4 4 . 5 4 14.23 80.79 
1 Y — a + b In (t -j- 1) + с [In (t + l ) ] 2 125.40 — 90.80 108.23 98.82 
5 -do- 601 .33 - 2 4 6 . 1 4 51.20 70.99 
8 -do- 1024.04 — 454.10 153.80 90.04 
9 -do- 968 .13 - 4 2 2 . 2 3 227.53 54.23 
10 -do- 1058.73 131.88 70.16 79.45 
12 -do- 892.16 — 693.83 288.50 96.98 
14 -do- 768.43 — 378.32 643.98 92.51 
15 -do- 998 .68 — 512.80 235.02 68.97 
17 -do- 2137.56 — 398.18 248.07 49.81 
2 In y = a + b i n (t + 1) + С [In (t + 1)]2 5.92 — 0.47 0.29 46.31 
4 -do- 5 .98 0.17 — 0.23 87.59 
11 -do- 6 .29 0.12 — 5.26 87.79 
13 -do- 6 .66 - 0 . 3 2 0.20 18.12 
19 -do- 6 .43 0.90 — 0.44 91.69 
Change in available Ca. I n six soils w h i c h showed q u a d r a t i c type of t r a n s f o r m a t i o n s , 
a v a i l a b l e Ca increased d u r i n g the f i r s t 1 0 — 2 0 days of s u b m e r g e n c e fo l lowed b y a g r a d u a , 
dec rease . I n 10 soils w h i c h followed l o g a r i t h m i c t r a n s f o r m a t i o n s there was m a r k e d decrease 
in a v a i l a b l e Ca dur ing t h e f i r s t 20 days of s u b m e r g e n c e a n d t h e n it r emained m o r e or less con-
s t a n t . I n 5 soils showing e x p o n e n t i a l t r a n s f o r m a t i o n , there xvas a g r adua l increase d u r i n g 30 — 50 
d a y s of submergence f o l l o w e d by a g radua l decrease . 
Change in available Mg. More t h a n 50 pe r cent of t h e soils (11 soils) s h o w e d logar i thmic 
t y p e of change in a v a i l a b l e Mg. In these soils , t he ava i l ab i l i t y decreased s lowly u p to 10 to 20 
d a y s a f t e r submergence a f t e r which there w a s a n increase u p t o 50 d a y s of s u b m e r g e n c e followed 
b y a dec rease . Six soils s h o w e d a q u a d r a t i c t y p e of change in avai lable Mg w h e r e t he avai la-
b i l i ty dec reased sharp ly u p to 10 to 20 d a y s a f t e r s u b m e r g e n c e a f t e r which it i nc reased up to 
70 d a y s . Soils 14, 17 a n d 20 showed an e x p o n e n t i a l t ype of c h a n g e in ava i l ab le Mg where the 
a v a i l a b i l i t y increased u p t o 20 - 30 d a y s a f t e r submergence a n d a f t e r t h a t t h e r e w a s ei ther a 
smal l dec rease or increase . 
T h e increase in K , Ca a n d Mg a v a i l a b i l i t y might be d u e to d i sp lacement of t h e ions f r o m 
the soil complex and a lso to secondary e f f e c t of s u b m e r g e n c e (PEARSALL 1950 , PONNAM-
PERUMA 1964). After r e a c h i n g a peak, t h e r e w a s a r e d u c t i o n in the ava i l ab i l i t y of К which 
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T a b l e 3 




E q u a t i o n s best f i t ted ' a ' •ь- V R!, % 
1 
У = a + bt + et2 116.24 — 55.44 98 .15 90.35 
2 -do- 117.40 - 5 2 . 1 1 9 .22 81.86 
7 -do- 97.70 2.97 0 . 1 3 32.01 
13 -do- 363.31 - 2 4 . 9 6 6 .01 89.13 
15 -do- 330.55 32.58 — 2 .34 44.69 
18 -do- 1004.28 141.00 — 13 .00 72.54 
3 У = a + Ь In (t + 1) + с fin (t -f 1)1« 96.85 - 2 0 . 1 8 15 .07 58.21 
4 -do- 874.80 286.66 129.97 85.16 
5 -do- 18926.33 - 2 8 6 9 8 . 5 7 9 8 1 9 . 5 1 92.90 
6 -do- 180.48 — 72.37 29 .50 76.12 
8 -do- 246.51 144.80 47 .15 93.78 
9 -do- 200.02 - 1 2 7 . 7 7 66 .98 63.15 
10 -do- 180.57 - 76.68 32 .34 47.92 
11 -do- 20.49 183.42 67 .50 69.73 
12 -do- 243.23 44.52 33 .18 78.21 
16 -do- 336.56 - 5 0 . 0 2 32 .79 35.51 
19 -do- 1541.31 - 5 9 7 . 2 4 318 .60 69.09 
14 In у — a + 6 In (t + 1) + с [In (t + 1 ) ] 2 6.75 0.31 - 0 . 0 8 67.57 
17 -do- 5.78 0.45 — 0.08 98.94 
20 -do- 6.99 0.51 - 0 . 5 7 86.61 
m i g h t be d u e t o l a t t i c e f i x a t i o n as illite w a s t h e d o m i n a n t c l a y m i n e r a l in t h e s e soi ls (MOHANTY 
et al. 1974) . R e d u c t i o n in Ca a n d Mg a v a i l a b i l i t y du r ing t h e c o u r s e of s u b m e r g e n c e m i g h t h a v e 
b e e n d u e t o the p r e c i p i t a t i o n of these c a t i o n s as c a r b o n a t e s o r c a r b o n a t e - a p a t i t e s . T h e resul t s , 
h o w e v e r , i n d i c a t e d no d e f i n i t e r e l a t i o n s h i p of t h e t r a n s f o r m a t i o n s of these c a t i o n s wi th t h e 
i n i t i a l e d a p h i c f a c t o r s . 
* 
P r e p a r e d a t t h e C e n t r a l Rice R e s e a r c h I n s t i t u t e , C u t t a c k - 6 . 
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O B S E R V A T I O N S O N T H E S H E L T E R - B E L T P L A N T E D A R O U N D T H E 
D A N U B E C E M E N T W O R K S ( N E A R V Á C . H U N G A R Y ) 
D u s t p o l l u t i o n h a s v a r i o u s e f f e c t s . B y coa t ing p l a n t s u r f a c e s d u s t d e c r e a s e s the a e s t h e t -
ic v a l u e of t h e v e g e t a t i o n . D u s t - c o a t e d p l a n t sur faces h a v e a r e d u c e d c a p a c i t y f o r e v a p o r a t i o n , 
so t h e s u r f a c e m a y w a r m u p to a h i g h e r d e g r e e and t h e e x c e s s hea t m a y c a u s e leaf necrosis. 
T h e d a n g e r p r e s e n t e d by d u s t a l s o d e p e n d s on i t s c h e m i c a l c o m p o s i t i o n (VÁSÁRHELYI 
1970, KELLER 1973, KNABE 1973, SZILÁGYI 1973). T h e d a n g e r o u s n a t u r e o f loose cemen t d u s t 
in t h e v i c i n i t y of c e m e n t w o r k s — fo r t h e s a k e of a c c u r a c y : t h e loose dus t f r o m c e m e n t works — 
is assessed d i f f e r e n t l y b y va r ious a u t h o r s (PAJENKAMP 1961 , SCHEFFER et al. 1961). T h e y all 
a g r e e , h o w e v e r , t h a t t h e h a r m c a u s e d b y loose dus t f r o m c e m e n t works is p r i m a r i l y due to t h e 
C a O a n d o t h e r m e t a l l i c ox ide s i t c o n t a i n s (ARDELAN et al. 1970 , CZAJA 1 9 6 2 a . b , C). The e x t e n t 
of d u s t d a m a g e is a lso i n f l u e n c e d b y m e t e o r o l o g i c a l f a c t o r s (PAJENKAMP 1 9 6 1 . BOHNE 1963 , 
C Z A J A 1 9 6 2 a , b , C). 
W h e n t h e loose d u s t f r o m c e m e n t w o r k s se t t l e s o u a we t p l a n t s u r f a c e i ts high C a O 
c o n t e n t m a k e s it a c t a s a caus t ic . T h e h u m i d i t y also c a u s e s t h e cemen t p o w d e r c o n t a i n e d in t h e 
d u s t t o se t , t h u s p r o d u c i n g an a lka l i w i t h A high p H - v a l u e (pH = 8 — 12) (CZAJA 1962b) . 
T h i s a lka l i r e a c h e s t h e p a r e n c h y m a ce l l s , which h a v e a h i g h ch lo rophy l l c o n t e n t , e i ther b y 
d e s t r o y i n g t h e e p i d e r m i s or b y p e n e t r a t i n g t h r o u g h t h e s t o m a t a . By d e h y d r a t i n g the cel ls 
t h e a lka l i d e s t r o y s t h e c o m p o n e n t s of t h e l iv ing p r o t o p l a s m , inc luding t h e c h l o r o p h y l l (CZAJA 
1962a , b , c, 1966), t h u s r e su l t i ng in a r e d u c e d a m o u n t of ch lo r ophy l l in t h e l e a v e s . The c h a n g e 
in t h e ch l o rophy l l c o n t e n t is easy t o m e a s u r e ; it h a s b e e n f o u n d to be p r o p o r t i o n a t e t o t h e 
e x t e n t of p o l l u t i o n (KOVÁCS- KLINCSEK 1974). The a f f e c t e d p l an t s h a v e A r e d u c e d f u n c t i o n 
a n d t h e i r d e v e l o p m e n t is h i n d e r e d . 
Bes ides t h e me teo ro log i ca l f a c t o r s , t h e e x t e n t of d a m a g e also d e p e n d s on the s p e c i f i c 
c h a r a c t e r i s t i c s of t h e p l a n t (KOVÁCS- KLINCSEK 1974). T h e sens i t iv i ty o f p i n e t rees to d u s t 
d a m a g e is e m p h a s i z e d , f o r i n s t a n c e , b y a n u m b e r of a u t h o r s (WOLF, e i t . PAJENKAMP 1961 ,  
CZAJA 1962C), b u t i n v e s t i g a t i o n s m a d e in H u n g a r y do n o t c o n f i r m th i s s t a t e m e n t (KOVÁCS— 
K L I N C S E K 1 9 7 4 ) . 
W h e n p l a n t i n g p r o t e c t i v e f o r e s t s a r o u n d i n d u s t r i a l e s t a b l i s h m e n t s i t m a y he i m p o r t a n t 
t o k n o w t h e s e n s i t i v i t y of t h e t ree s p e c i e s . A l m o s t s i m u l t a n e o u s l y wi th t h e e s t a b l i s h m e n t ol t h e 
D a n u b e C e m e n t W o r k s (1961) an e x p e r i m e n t a l she l t e r -be l t c o m p o s e d of a v a r i e t y of t ree s p e c i e s 
w a s p l a n t e d in t h e n e i g h b o u r h o o d , w h i c h h a s since r e a c h e d a cer ta in l eve l of d e v e l o p m e n t . 
T h e i m m e d i a t e v ic in i ty of t h e c e m e n t works " e n s u r e d " c o n s t a n t p o l l u t i o n . On t h e a f -
f e c t e d a rea t h e d i f f e r e n t t ree species of t h e she l te r -be l t s h o w e d var ious r a t e s of d e v e l o p m e n t . T h e 
a c t u a l v o l u m e s of t h e d i f f e r e n t t ree s p e c i e s were d e t e r m i n e d in order to d i s c o v e r which of t h e m 
w a s ab l e to g row, in sp i t e of the c o n s t a n t pol lu t ion , i n t o r ea l ly high, c r o w n e d t rees se rv ing a s 
a c t i v e n a t u r a l d u s t sc reens , a n d t o s h o w a s a t i s f a c t o r y a n n u a l g rowth i n t h e re la t ive ly s h o r t 
t i m e p reced ing t h e i n v e s t i g a t i o n s . 
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Table 1 
Growth rate in some major tree species 
(Source: 1965 data of the Chief Administration of Forestry) 
Agr. 
y e a r s 
H e i g h t , ill 
T r u n k d i a m e t e r , em 
( a t b r e a s t height) 
Species c l a s s c l a s s 
I H I I I I I 
1 






6.9 4.1 5.6 2.7 
O a k ( a c c o r d i n g to Gre ine r ) 5 1.5 1.0 
— — 
10 4.3 3.0 
— — 
15 7.1 5.3 6.0 4.8 
P o p l a r ( a c c o r d i n g to M a g y a r ) 5 9.1 6.6 3.4 2.3 
10 17.8 13.6 11.9 9.3 
15 24.6 19.2 23.1 18.2 
Sco tch f i r (accord ing to G r e i n e r ) 5 L.O 0.8 
— — 
10 2.6 2.0 — — 
15 4.8 3.9 4.4 3.5 
L a r c h ( a c c o r d i n g to G r e i n e r ) 5 2.0 1.6 
— — 
10 4.5 3.5 
— — 
15 7.0 5.3 5 .3 4.4 
N o m a t e r i a l of i d e n t i c a l o r near ly i d e n t i c a l age and c o m p o s i t i o n p l a n t e d u n d e r similar 
ecological c o n d i t i o n s was a v a i l a b l e as a c o n t r o l , so c o m p a r i s o n w i t h an u n p o l l u t e d a r e a was 
not pos s ib l e . T h e ave rage g r o w t h of some m a j o r t r ee species a t f o r e s t sites of c l a s ses I a n d III 
in H u n g a r y a re show n in T a b l e 1 as a gu ide ( C h i e f A d m i n i s t r a t i o n of Fores t ry 1965) . 
T h e g r o w t h of p l a n t s , a n d p a r t i c u l a r l y of t rees , d e p e n d s t o a large e x t e n t o n c l imat ic 
f ac to r s , p a r t i c u l a r l y on t h e a n n u a l a m o u n t a n d d i s t r i bu t ion of p r e c i p i t a t i o n . A c o m p a r i s o n 
b e t w e e n a n n u a l d a t a on c l i m a t i c e l emen t s ( p r i m a r i l y on p r e c i p i t a t i o n ) and t h e g r o w t h of the 
t rees w o u l d h a v e m a d e it p o s s i b l e to decide t o w h a t e x t e n t t h e r e d u c e d grow t h of t h e d i f f e r e n t 
species w a s d u e to d u s t p o l l u t i o n : h o w e v e r , t h e Л ас s ta t ion of t h e H u n g a r i a n C e n t r a l Mete-
orological O f f i c e ceased t o f u n c t i o n in the f i f t i e s , so the n e c e s s a r y d a t a were n o t ava i l ab le . 
P a r a m e t e r s o b t a i n e d f o r d i f f e ren t s p e c i e s u n d e r i d e n t i c a l cond i t ions , h o w e v e r , gave 
s u f f i c i e n t i n f o r m a t i o n on t h e i r b e h a v i o u r . 
T h e t o t a l reac t ions , t h e a c t u a l grow t h s h o w n by a p l a n t u n d e r the local eco log ica l con-
d i t ions in a g i v e n t ime (in t h e p r e s e n t case 12 y e a r s ) , are i m p o r t a n t cr i ter ia of t h e p l a n t ' s be-
h a v i o u r , s ince t h e y re f lec t t h e a e t u a l s i t u a t i o n . M e a s u r e m e n t s w e r e the re fo re m a d e on the 
a c t u a l h e i g h t , t r u n k d i a m e t e r a n d a n n u a l e x t e n t of la tera l g r o w t h f o r t h e t ree spec ies occu r r i ng 
m o s t f r e q u e n t l y on the a r e a c o n c e r n e d . T h e m e a s u r e m e n t s were c a r r i e d ou t a t t h e e n d of the 
win te r , w h e n t h e trees were s t i l l in a d o r m a n t s t a t e and t h u s eas i ly access ible , a n d the 
a n n u a l g r o w t h could be c l e a r l y d i s t i n g u i s h e d . 
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Fig. 1. Sampl ing p l a c e s in t h e s h e l t e r - b e l t s u r r o u n d i n g t h e D a n u b e C e m e n t W o r k s ; v o l u m i n a l 
i n c r e a s e 1973 ( B , , B 2 . B 3 : h ighly p o l l u t e d fo re s t zones) 
T h e he igh t s of t h e t r ees were m e a s u r e d wi th a " C h r y s t e n " dev ice , w h i c h is also used in 
f o r e s t r y , w i th the a id of a f o u r m e t r e l o n g aux i l i a ry l a t h . T h e t r u n k d i a m e t e r w a s m e a s u r e d 
in c o n t r a s t to the p r a c t i c e in f o r e s t r y — a t the base , u s i n g a s l ide-gauge o r f o l d i n g ru le . (This 
w a s b e c a u s e the t r e e s of s o m e species o f t e n d id not even r e a c h b r e a s t h e i g h t . ) T h e a n n u a l e x t e n t 
of l a t e r a l shoot g r o w t h , w h i c h p a r t i a l l y e x p r e s s e s t h e so -ca l l ed v i ab i l i t y , w a s m e a s u r e d on t h r e e 
d i f f e r e n t sides u s i n g a f o l d i n g rule in s h o o t s growing a t b r e a s t he igh t o n b r o a d - l e a v e d t r ees 
a n d p i n e s . In the c a s e of t r ee s which d i d n o t r each b r e a s t h e i g h t or h a d no s h o o t s a t t h a t he igh t 
w e m e a s u r e d the n e a r e s t m e a s u r a b l e s h o o t s . The l e n g t h of o n e - y e a r old s h o o t s was t a k e n as 
t h e d i s t a n c e f r o m t h e b a s e of the s h o o t t o t h a t of the t e r m i n a l b u d . 
I n the th ree s a m p l i n g a reas a r o u n d t h e D a n u b e C e m e n t W o r k s , t r e e s f r o m t h e h igh ly 
p o l l u t e d fores t bel t ( F i g . 1) were c h o s e n f o r e x a m i n a t i o n a t r a n d o m . T e n h e i g h t a n d t en t r u n k 
d i a m e t e r m e a s u r e m e n t s were t a k e n f o r e a c h s ampl ing p l a c e a n d species . T h e a n n u a l l a t e r a l 
g r o w t h was a v e r a g e d on t h e basis of 30 d a t a . In the a r e a of i n v e s t i g a t i o n t h e fo l lowing 15 t r ee 
s p e c i e s were e x a m i n e d : Acer pseudoplatanus. Aesculus hippocaslanum, Cerasus avium, Crataegus 
monogyna, Elaeagnus angustifolia, Koelreuteria paniculata, Carix decidua, Pinus nigra, Pinns 
silvestris, Populus robusta, Pseudotsuga menziesii. Quercus petraea. Quercus robur, Sophora japo-
nica a n d Tilia cordata. 
U n d e r t h e i n f l u e n c e of 12 y e a r s of p e r m a n e n t p o l l u t i o n b y loose d u s t f r o m c e m e n t 
w o r k s t h e d e v e l o p m e n t of the 15 t r e e spec ies e x a m i n e d , w h i c h were g r o w n on hil l-side loess 
( w i t h a f o r e s t - s t e p p e c l i m a t e ) showed cons ide rab le v a r i a t i o n a n d on ly p a r t l y fu l f i l l ed t h e ex -
p e c t a t i o n s , as show n b y a deta i l of t h e e x p e r i m e n t a l s h e l t e r - b e l t (F ig . 2). 
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O n l y fou r of t h e spec ies e x a m i n e d r e a c h e d a h e i g h t of a t l e a s t 5 m ( r e m a r k a b l y few in 
a c l o s e d fo res t p l a n t a t i o n ) . These w e r e Populus robusta, Cerasus avium, Elaeagnus angusti-
folia a n d Pinus silvestris. O n l y seven spec i e s — Populus robusta, Cerasus avium, Elaeagnus 
angustifolia, Pinus silvestris, Pinus nigra, Koelreuteria paniculata a n d Crataegus monogyna 
a c h i e v e d t h e h e i g h t c h a r a c t e r i s t i c of t h e spec ies . 
O n t h e bas i s of a b s o l u t e h e i g h t a n d t r u n k d i a m e t e r d a t a i t is poss ible t o se lec t t ree 
s p e c i e s su i t ab l e for p l a n t i n g on a r ea s d a m a g e d b y c e m e n t d u s t ; t h i s s eems t o be c o n f i r m e d by 
t h e so-ca l led v i a b i l i t y f i g u r e s , i.e. t h e a v e r a g e s of l a t e r a l g r o w t h , t h o u g h o w i n g t o t h e wide 
d e v i a t i o n s t h e l a t t e r d a t a c a n on ly be t a k e n i n t o c o n s i d e r a t i o n t o a l i m i t e d e x t e n t . T h e abso lu te 
h e i g h t , t r u n k d i a m e t e r a n d v i a b i l i t y d a t a fo r t h e m a t e r i a l e x a m i n e d a re s h o w n in a n o r d e r of 
i n c r e a s i n g va lue b y F i g s 3, 4 a n d 5. 
O n t h e basis of t h e i n v e s t i g a t i o n i t c an be s t a t e d t h a t o n a h i l ly a rea w i t h a loess bed , 
u n d e r f o r e s t - s t e p p e c l i m a t i c c o n d i t i o n s , in a n e n v i r o n m e n t p o l l u t e d h y loose d u s t f r o m c e m e n t 
w o r k s , t h e t ree spec ies Populus robusta, Cerasus avium, Elaeagnus angustifolia a n d Pinus 
silvestris a re exce l l en t ly s u i t e d for t h e e s t a b l i s h m e n t of a g reen b e l t . Pinus nigra, Koelreuteria 
paniculata and Quercus robur also s h o w s a t i s f a c t o r y d e v e l o p m e n t . T h e r e s i s t ance of p i n e t rees , 
e s p e c i a l l y of Pinus silvestris, is r e m a r k a b l e in t h i s a r e a , in c o n t r a s t t o W e s t - E u r o p e a n l i t e r a ry 
d a t a . T h i s po in t s to t h e h a r d i e r n a t u r e of S c o t c h f i r p o p u l a t i o n s in H u n g a r y ( F i g . 6) and to 
t h e p e c u l i a r i t i e s of H u n g a r i a n w e a t h e r c o n d i t i o n s . 
Quercus petraea, Pseudotsuga menziesii, Sophora japonica, Acer pseudoplatanus and 
Aesculus hippocastanum a re n o t r e c o m m e n d e d fo r a f f o r e s t a t i o n i n t h e v i c in i ty of c e m e n t works . 
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Fig. 3. A c t u a l a v e r a g e he igh t ( m ) of t r e e species g r o w i n g in a h ighly p o l l u t e d e n v i r o n m e n t 
(12 -yea r -o ld s t a n d ) . (1. Quercus petraea, 2. Pseudotsuga menziesii, 3. Sophora japonica, 4. Cra-
taegus monogyna, 5. Aesculus hippocastanum, 6. Tilia cordata, 7. Pinus nigra, 8. Quercus robur, 
9. Koelreuteria paniculata, 10. Larix decidua, 11. Acer pseudoplatanus, 12. Pinus silvestris, 
13. Elaeagnus angustifolia, 14. Cerusus avium, 15. Populus robusta) 
diameter, cm 
Fig. 4. A v e r a g e t r u n k d i a m e t e r s ( c m ) m e a s u r e d a t t h e b a s e , a t t a i n e d in 12 y e a r s by t ree s p e c i e s 
g r o w i n g on an a r e a h e a v i l y p o l l u t e d b y c e m e n t d u s t . (1 . Quercus petraea, 2. Pseudotsuga men-
ziesii, 3. Sophora japonica, 4. Acer pseudoplatanus, 5. Larix decidua, 6 . Crataegus monogyna, 
I. Tilia cordata, 8. Aesculus hippocastanum, 9. Quercus robur, 10. Koelreuteria paniculata, 
I I . Pinus nigra, 12. Pinus silvestris, 13. Cerasus avium, 14. Elaeagnus angustifolia, 15. Populus 
robusta) 
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Fig. 5. A v e r a g e l a t e ra l g r o w t h ( c m ) in 1973 f o r t r e e species g r o w i n g o n a n area h i g h l y p o l l u t e d 
b y c e m e n t d u s t . (1. Aesculus hippocastanum, 2. Sophora japonica, 3. Acer pseudoplatanus, 
4. Quercus petraea. 5. Larix decidua, 6. Tilia Cordula, 7. Cerasus avium, 8. Populus robusta, 
9. Crataegus monogyna, 10. Koelreuteria paniculata, 11. Pinus nigra, 12. Pseudotsuga menziesii, 
13. Quercus robur, 14. Pinus silvestris, 15. Elaeagnus angustifolia) 
Fig. 6. Wel l d e v e l o p e d S c o t c h f i r s (Pinus silvestris) in the s h e l t e r - b e l t a round t h e D a n u b e 
C e m e n t W o r k s 
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I t h a s b e e n o b s e r v e d p h y t o g e o g r a p h i c a l l y t h a t t h e t r e e s p e c i e s s u i t a b l e f o r a f f o r e s t a -
t i o n a r e e i t h e r t h o s e o n c e n a t i v e o n t h e a r e a ( e . g . Cerasus avium, Quercus robur) o r t r e e spec i e s 
of h i g h eco log ica l a d a p t a b i l i t y (e .g . Populus robusla, Koelreuteria paniculata, Piuus nigra, 
Elaeagnus angustifolia). T h e t r e e spec ies n o t r e c o m m e n d e d f o r a f f o r e s t a t i o n e i t h e r s h o w a low 
e c o l o g i c a l a d a p t a b i l i t y o r a r e n o t n a t i v e s of t h e a r e a . 
H o r t i c u l t u r e a n d f o r e s t r y , h o w e v e r , r e q u i r e a w i d e r r a n g e o f s p e c i e s a n d v a r i e t i e s . T h e r e -
f o r e , i n o r d e r t o w i d e n t h e a s s o r t m e n t f u r t h e r s p e c i e s s h o u l d b e i n c l u d e d in c o m p a r a t i v e t r i a l s , 
a n d f u r t h e r , q u i c k e r m e t h o d s of e x a m i n a t i o n , g i v i n g t h e p o s s i b i l i t y of e x t r a p o l a t i o n , s h o u l d 
be e l a b o r a t e d , t e s t e d a n d a p p l i e d . 
* 
P r e p a r e d a t t h e R e s e a r c h I n s t i t u t e f o r B o t a n y of t h e H u n g a r i a n A c a d e m y o f S c i e n c e s , 
V á c r á t ó t . 
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T h e d i s t a n c e f r o m soil s u r f a c e t o t h e f i r s t p o d - b e a r i n g n o d e w a s t a k e n a t h a r v e s t t i m e 
a n d w a s d e n o t e d a s t h e h e i g h t of t h e f i r s t p r o d u c t i v e n o d e . T h i s h e i g h t is o f i m p o r t a n c e if t h e 
c r o p is t o be m e c h a n i c a l l y h a r v e s t e d a s a n y c l u s t e r of p o d s l o c a t e d be low t h e c u t t i n g b a r h e i g h t 
i s l i k e l y t o be l o s t i n h a r v e s t . 
Oil c o n t e n t w a s c o n d u c t e d b y t h e l a b o r a t o r y p r e s s m e t h o d (NUR 1 9 7 3 ) . 
All t h e o p e r a t i o n s f r o m s e e d i n g t o h a r v e s t i n g w e r e m a n u a l l y d o n e . 
T h e c o m b i n e d a n a l y s i s of v a r i a n c e r e s u l t s f o r t h e t w o s e a s o n s ( 1 9 6 8 / 6 9 — 1 9 6 9 / 7 0 ) 
c o n t a i n e d i n T a b l e 1 s h o w s t h a t s o y a b e a n c r o p r e s p o n d e d t o n i t r o g e n f e r t i l i z a t i o n i n all 
c h a r a c t e r s s t u d i e d e x c e p t he ight of t h e f i r s t p r o d u c t i v e n o d e , n u m b e r of n o d u l e s p e r p l a n t 
a n d o i l p e r c e n t a g e . T h o u g h t h e r e w e r e n o s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e t h r e e v a r i e t i e s 
a t e a c h n i t r o g e n l e v e l , e a c h v a r i e t y r e s u l t e d in h i g h e r y i e l d s of f u l l y r o u n d e d m a t u r e s e e d s 
w i t h e a c h a d d i t i o n a l f e r t i l i z e r l eve l . T h e i n c r e a s e in s e e d y i e l d s f r o m z e r o N t o 89 .65 k g N 
p e r h a w e r e 4 7 % , 5 2 % a n d 4 6 % f o r D a r e , Lee a n d H i l l r e s p e c t i v e l y . 
A s f o r t h e p e r c e n t a g e of g r e e n s e e d s f o u n d a t h a r v e s t t i m e , o m i t t i n g n i t r o g e n h a d 
t h e l e a s t g r e e n s e e d s w h e r e a s 89 .65 k g N r e s u l t e d i n t h e g r e a t e s t p e r c e n t a g e of g r e e n s e e d s . 
T h i c k n e s s of t h e i n a i n s t e m a t t h e f i r s t n o d e , t h a t w a s t a k e n a t h a r v e s t t i m e , r e f l e c t e d 
t h e s a m e s i t u a t i o n a s t h e a b o v e t w o i t e m s , i.e. p l a n t s r e c e i v i n g 89.65 k g N h a d t h e g r e a t e s t 
s t e m t h i c k n e s s w h e r e a s t h o s e w i t h z e r o N h a d t h e t h i n n e s t s t e m s . A m o n g o t h e r f a c t o r s s u c h 
a s t h e n u m b e r of l e a v e s , b r a n c h e s , p o d s e t c . t h a t c o n t r i b u t e t o g r e a t e r d r y m a t t e r p r o d u c -
t i o n , t h i c k n e s s of t h e m a i n s t e m w a s f o u n d t o be a f a c t o r w h i c h s h o w e d a s i g n i f i c a n t d i f f e r e n c e 
b e t w e e n t h e t r e a t m e n t s t e s t e d . 
L e a f A r e a D u r a t i o n c a l c u l a t e d f o r t h e p e r i o d b e t w e e n f l o w e r i n g a n d r i p e n i n g — t h e 
p e r i o d p r o v i d i n g m o s t of t h e d r y m a t t e r i n t h e seed — i n c r e a s e d b y e a c h a d d i t i o n a l dose of 
n i t r o g e n fo r e a c h o f t h e t h r e e v a r i e t i e s . 
M a x i m u m L . A . I , w a s a f f e c t e d b y t h e a p p l i c a t i o n of n i t r o g e n . M a x i m u m L . A . I . v a l u e s 
i n c r e a s e d w i t h e a c h a d d i t i o n a l n i t r o g e n l e v e l . 
T h e v a l u e s o b t a i n e d fo r t h e i n t e g r a t e d L . A . D . f r o m f l o w e r i n g to m a t u r i t y a n d m a x i m u m 
L . A . I . f u l l y s u p p o r t t h e f i n a l seed y i e l d r e s u l t s . T h o u g h s o y a b e a n is a l e g u m e c r o p , i t d id r e -
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Table 1 
Effect of nitrogen fertilizer on some soyabean characters studied at G.R.S., Sudan 
Var ie ty 
Ni t rogen level 
Var i e ty 
Nit rogen level 
Zero N 44.82 kg/ha N 89.65 kg/l ia N Zero N 44.82 kg N 89.65 kg N 
Matu re seed yield (kg/ha) In t eg ra t ed L .A.D. f r o m flowering to m a t u r i t y 
D a r e 185.33 227 .34 271.82 D a r e 1.10 1.73 2 .53 
Lee 165.56 200 .16 252.05 Lee 0 .85 1.51 2.26 
H i l l 195.22 229.81 284.17 H i l l 1.18 1.80 2.61 
S . E . ± 11.91 C.V. = 1 4 . 2 % S . E . ± 0 .20 C.V. = 1 0 . 9 % 
Pe rcentage green seeds Height of the 1st productive node (cm) 
D a r e 50 54 58 D a r e 5.2 5.2 5.2 
L e e 47 51 57 Lee 5.0 5.1 5.0 
Hi l l 51 54 60 Hi l l 4.9 5.0 5.0 
S . E . + 0 .98 C.V. = 7 . 8 % C.V. = 1 0 . 4 % 
Thickness of the main stem No. of nodules per plant (at harvest) 
at the first node (mm) 
D a r e 10.2 12.7 15.1 D a r e 3 .0 2.8 3.1 
L e e 9 .3 11.7 14.3 L e e 2.6 2.5 2.7 
H i l l 10.0 12.4 15.3 Hil l 2.8 3.0 2 .9 
S . E . ± 0 .83 C.V. = 6 . 5 % C.V. = 9 . 3 % 
Maximum L.A.I. Oil percentage. 
D a r e 0 .73 1.08 1.46 D a r e 25.1 25.0 25.1 
L e e 0 .61 0 .96 1.31 Lee 25 .3 25.2 25 .0 
Hi l l 0 .81 1.15 1 .59 Hi l l 25.0 25.0 25.1 
S . E . + 0 .11 C.V. = 8 . 7 % C.V. = 6 . 1 % 
2 0 0 VARIA 
s p o n d t o the a d d i t i o r of i t r o g e n f e r t i l i z e r . T h i s m i g h t b e d u e t o t h e l i m i t e d n u m b e r of n o d u l e s 
p r o d u c e d b y t h e s o y a b e a n p l a n t s ( T a b l e 1). 
T h e p r o d i c t i o ' i of a s u c c e s s f u l c r o p of s o y a b e a n i n S u d a n p r e s e n t s m a n y p r o b l e m s w h i c h 
a r e n o t u sua l ly f o u n d in o t h e r c o u n t r i e s . T h e c o n s i s t e n t l y p o o r y i e l d s a n d h i g h seed s h a t t e r i n g 
o b t a i n e d in t h i s e x p e r i m e n t a n d in o t h e r e x p e r i m e n t s c o n d u c t e d in d i f f e r e n t a r e a s of S u d a n 
a r e n e v e r e o m j a r a b l e t o a n y s o y a b e a n p r o d u c i n g a r e a . A s s h o w n in T a b l e 1 t h e seed y ie ld is 
m a r k e d l y low a n d t h e p e r c e n t a g e of g r e e n a n d s h r i v e l l e d s e e d s is v e r y h i g h , b o t h will r e s u l t 
i n n e g a t i v e e c o n o m i c r e t u r n s . 
S o y a b e a n is a c l a s s i ca l c r o p w i t h r e s p e c t t o p h o t o p e r i o d i s m a n d b e c a u s e of t h i s i t is 
d i v i d e d into d i f f e r e n t m a t u r i t y g r o u p s ( 0 0 — V I I I ) b a s e d o n l a t i t u d e ; d a y l e n g t h is a f u n c t i o n 
o f l a t i i u d e . 
The s i te w h e r e t h i s e x p e r i m e n t w a s c o n d u c t e d l ies i n l a t i t u d e 1 5 ° N w h e r e d a y a n d n i g h t 
h o u i s a re e q u a l a n d w h e r e i t h a s n e v e r b e e n k n o w n t o h a v e a d a p t a b l e s o y a b e a n v a r i e t i e s o r 
t o l,e a d a p t e d f o r s o y a b e a n p r o d u c t i o n . I t w a s n o t i c e d t h a t al l t h e s o y a b e a n v a r i e t i e s t e s t e d 
i n S u d a n r e s u l t e d in p l a n t s w i t h d e t e r m i n a t e f l o w e r i n g w h e r e a s t h e y a r e s u p p o s e d t o be i n -
df t e r m i n a t e . U n l e s s s o y a b e a n v a r i e t i e s b e l o n g i n g t o g r o u p s I X a n d X a r e p r o d u c e d , S u d a n 
w i l l n e v e r be a s o y a b e a n p r o d u c i n g c o u n t r y . 
T h e r e s u l t s o f t h i s s t u d y i n d i c a t e t h e r e s p o n s e o f s o y a b e a n t o n i t r o g e n o u s f e r t i l i z e r . 
T h e r e w a s a s i g n i f i c a n t i n c r e a s e w i t h e a c h a d d i t i o n a l n i t r o g e n l eve l in t h e e a s e of seed y i e l d , 
p e r c e n t a g e g reen s e e d s , t h i c k n e s s of t h e m a i n s t e m a t t h e f i r s t n o d e a n d in g r o w t h a n a l y s i s 
p a r a m e t e r s . T h e a d d i t i o n of n i t r o g e n t o s o y a b e a n h a d n o e f f e c t o n t h e h e i g h t of t h e f i r s t p r o -
d u c t i v e node , n u m b e r of n o d u l e s p e r p l a n t a n d oil c o n t e n t . 
P r e p a r e d a t t h e C i b a - G e i g y T a o , K h a r t u m 
I . M . N U R 
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N U R , 1. M. (1971 ) : D i f f e r e n t m e t h o d s f o r d e t e r m i n i n g l e a f a r e a of s o m e oil c r o p s . J . Agr i c . 
Sei. , C a i n b . . 7 7 , 1 9 - 2 4 . 
N U R , I. M. (1973) : C o m p a r i n g t h e l a b o r a t o r y p res s a n d s o x h l e t e x t r a c t i o n m e t h o d s f o r d e t e r m i n -
ing oil c o n t e n t of s o m e o i l - h e a r i n g seeds . ( S u b m i t t e d f o r p u b l i c a t i o n ) . 
C R I T I C A L L I M I T O F A V A I L A B L E Z I N C W I T H D I F F E R E N T E X T R A C T A N T S F O R 
L E N T I L ( L E N S E S C U L E N T A L. ) I N T A R A I S O I L S 
N o work h a s y e t b e e n d o n e o n t h e i n t e r p r e t a t i o n o f soil a n a l y s i s d a t a o n z inc in T a r a i * 
s o i l s . T h e m o s t i m p o r t a n t a s p e c t in t h i s i n t e r p r e t a t i o n is how t o p r e d i c t t h e p r o b a b i l i t y of 
g e t t i n g a p r o f i t a b l e r e s p o n s e t o t h e a p p l i c a t i o n of z i n c f e r t i l i z e r . T h e s o i l - t e s t i n t e r p r e t a t i o n 
s t u d i e s u n d e r t h e I n t e r n a t i o n a l Soil F e r t i l i t y E v a l u a t i o n a n d I m p r o v e m e n t P r o g r a m m e e n v i -
* Foo t -h i l l s of t h e H i m a l a y a s . 
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sage s e t t i n g u p a " c r i t i c a l l i m i t " be low w h i c h e c o n o m i c r e s p o n s e s a r e poss ib le . CA TE—NELSON 
(1965) h a v e d e s c r i b e d a r a p i d m e t h o d fo r t h e c o r r e l a t i o n of soil t e s t d a t a w i th p l a n t r e s p o n s e s . 
L a b o r a t o r y a n d p o t t e d p l a n t s t u d i e s b a s e d o n t h e a b o v e p r i n c i p l e s were c o n d u c t e d on 
20 soils c o l l e c t e d f r o m t h e T a r a i reg ion of N a i n i t a l (LLP.) , I n d i a , in o r d e r t o c o r r e l a t e z inc 
s t a t u s w i t h l e n t i l c rop r e s p o n s e s . 
B u l k s a m p l e s of p l o u g h e d - l a y e r soils w e r e co l lec ted f r o m 2 0 s i t e s in t h e T a r a i r e g i o n of 
N a i n i t a l . T h e soi ls were a i r - d r i e d a n d g r o u n d w i t h a w o o d e n r o l l e r . S o m e soil c h a r a c t e r i s t i c s 
p e r t i n e n t t o t h i s i n v e s t i g a t i o n w e r e d e t e r m i n e d a s f o l l o w s : s a n d , s i l t a n d c lay b y t h e I n t e r n a t i o n -
al p i p e t t e m e t h o d , p H in a 1 : 2 soil to w a t e r s u s p e n s i o n w i t h a B e c k m a n p H m e t e r , c a l c i u m 
c a r b o n a t e b y t h e r a p i d t i t r a t i o n m e t h o d , o r g a n i c m a t t e r a c c o r d i n g t o W a l k l e y a n d B l a c k ' s 
m e t h o d a n d t o t a l z inc a s d e s c r i b e d b y BLACK ( 1 9 6 5 ) . 
A v a i l a b l e z inc w a s d e t e r m i n e d in t h e e x t r a c t b y t h e d i t h i z o n e m e t h o d (BLACK 1965) 
a f t e r e x t r a c t i n g z inc w i t h f i v e e x t r a d a n t s , v i z . ( a ) 0 . 0 5 N h y d r o c h l o r i c acid -j- 0 . 0 2 5 N s u l p h u -
r ic a c i d , ( b ) 0 . 0 0 5 M d i e t h y l e n e t r i a m i n e p e n t a - a c e t i c acid ( D T P A ) + 1.0 M a m m o n i u m c a r b o -
n a t e , (c ) 0 . 0 1 p e r c e n t d i t h i z o n e + 1.0 N a m m o n i u m a c e t a t e ( p H 7 .0 ) , (d) 1.0 N a m m o n i u m 
a c c t a t e ( p H 4 .6 ) a n d (e) 2 N m a g n e s i u m c h l o r i d e . 
G r e e n - h o u s e s t u d i e s : T e n k g soil w as p l a c e d in eaoh of t h e p l a s t i c p o t s u sed i n t h e e x p e r i -
m e n t . B a s a l d o s e s of p h o s p h o r u s a n d p o t a s s i u m w e r e app l i ed a t a r a t e of 40 p p m P a n d 30 p p m 
К p e r p o t . 0 . 4 a n d 8 p p m z i n c w e r e u sed a s g r a d e d zinc l eve l s t o s t u d y r e s p o n s e s t o a p p l i e d 
z inc . A l e g u m i n n u s c rop , l e n t i l ( L e n s esculenta L . v a r i e t y T - 3 6 ) , w a s g r o w n fo r 7 5 d a y s . T h e 
p o t s w e r e m a i n t a i n e d a t f i e l d c a p a c i t y w i t h d i s t i l l e d w a t e r . T h e p l a n t s were h a r v e s t e d a t t h e 
e n d of t h e g r o w t h p e r i o d , w a s h e d , a n d d r i e d i n a n o v e n a t 6 0 ° C t o c o n s t a n t w e i g h t . 
T h e d r y m a t t e r y i e l d f r o m t h e no z i n c t r e a t m e n t w a s c a l c u l a t e d as a p e r c e n t a g e of t h e 
h i g h e s t y i e l d f o r e a c h soil , a n d t h e d a t a w e r e p l o t t e d a g a i n s t t h e so i l t e s t v a l u e s f o r t h e f i v e 
e x t r a d a n t s s e p a r a t e l y . GATE a n d NELSON'S ( 1 9 6 5 ) t e c h n i q u e w a s e m p l o y e d t o s e p a r a t e t h e 
r e s u l t s i n t o q u a d r a n t s a n d t o i n d i c a t e t h e c r i t i c a l level of z inc f o r t h e t e s t u s e d . 
T h e p h y s i c a l a n d c h e m i c a l c h a r a c t e r i s t i c s of t h e t w e n t y s o i l s a r e p r e s e n t e d i n T a b l e 1. 
I n g e n e r a l all t h e so i l s w e r e of m e d i u m t e x t u r e . B a s e d o n m e c h a n i c a l a n a l y s i s d a t a , 
n i n e soi ls ( so i l n u m b e r s 4, 5 , 6 , 7 , 10, 11, 13 , 15 a n d 19) were s i l t l o a m , f ive w e r e l o a m (soil 
n u m b e r s 1, 3 , 8 , 12 a n d 14) a n d t h r e e were l o a m y s a n d (soil n u m b e r s 16 , 17 a n d 20). T h e r e m a i n -
i n g t h r e e , t h a t is soil n u m b e r s 2 , 9 a n d 18, w e r e c l a y l o a m , silt a n d s i l t y c lay l o a m , r e s p e c t i v e l y . 
M o s t of t h e soi l s s t u d i e d h a d m o r e t h a n 40 p e r c e n t s a n d . 
A c c o r d i n g t o t h e c l a s s i f i c a t i o n of p H m a d e b y MLHR et al. ( 1 9 6 5 ) , m o s t of t h e s o i l s cou ld 
he g r o u p e d u n d e r t h e n o r m a l r a n g e , e x c e p t so i l n u m b e r s 4, 7, 9 a n d 10, w h i c h c o u l d b e p l a c e d 
a s t e n d i n g t o w a r d s t h e a l k a l i n e r a n g e . T h e p H o f t h e s e t w e n t y s o i l s v a r i e d f r o m 7 . 3 t o 8.8. 
T h e o r g a n i c m a t t e r c o n t e n t of t he se t w e n t y s u r f a c e soi ls v a r i e d f r o m 1.56 t o 2 . 9 6 per 
c e n t . H o w e v e r , f i f t e e n o u t of t h e t w e n t y soi ls h a d a c o n t e n t of 2 p e r c e n t or m o r e . 
T h e c a l c i u m c a r b o n a t e c o n t e n t of t h e s o i l s v a r i e d f r o m t r a c e t o 8.88 pe r c e n t . F i f t e e n 
o u t of t w e n t y soi ls c o n t a i n e d l e s s t h a n 4.0 p e r c e n t ca l c ium c a r b o n a t e , while t h e r e m a i n i n g 
f i v e soils c o n t a i n e d m o r e t h a n 4 . 0 p e r c e n t c a l c i u m c a r b o n a t e . 
T h e t o t a l z inc c o n t e n t o f t h e soils v a r i e d f r o m 12.0 p p m ( s o i l n u m b e r 10) t o 4 0 . 5 p p m 
(soil n u m b e r 7) . S i x t e e n o u t o f t w e n t y soils c o n t a i n e d more t h a n 2 0 p p m t o t a l z i n c , w h i l e t h e 
r e m a i n i n g f o u r c o n t a i n e d l e s s t h a n 20 p p m t o t a l z inc . 
Amount of available zinc extracted by five .zinc extradants and factors affecting, the 
extractability of soil zinc. T h e a m o u n t of z i n c e x t r a c t e d b y t h e d i l u t e ( h y d r o c h l o r i c — s u l p h u -
r ic a c i d ) a c i d m i x t u r e w a s m o r e t h a n t h a t h y o t h e r e x t r a d a n t s . T h i s w a s f o l l o w e d b y c h e l a t -
i n g a g e n t s ( D T P A - a m m o n i u m c a r b o n a t e a n d d i t h i z o n e ) , a m m o n i u m a c e t a t e ( p H 4 . 6 ) a n d 
m a g n e s i u m c h l o r i d e in t h e i r c a p a c i t y t o e x t r a c t soi l zinc. T h e d i l u t e ac id m i x t u r e e x t r a c t e d 
1.1 t o 5 .4 p p m z i n c in d i f f e r e n t so i l s (Tab le 2). T h e a v e r a g e fo r a l l t w e n t y soils w a s 2 . 3 4 p p m . 
Of t h e c h e l a t i n g a g e n t s , D T P A - a m m o n i u i n c a r b o n a t e e x t r a c t e d a g r e a t e r a m o u n t o f z i n c , a n d 
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Table 1 
Physical and chemical characteristics of the surface soils 
S o i l 
n u m b e r 
Soil 
p H 
T o t a l 
z i n c 
( P P m ) 
Organ ic 
m a t t e r 
(per cent ) 
C a l -
c i u m 
c a r b o -
n a t e 
( p e r c e n t ) 
! 
Sand 
(per cen t ) 
S i l t 
( p e r c e n t ) 
Clay 
(per c e n t ) T e x t u r a l c lass 
l 8.3 38 .0 1.82 0 . 5 5 59.2 24.4 16.4 L o a m 
2 7.9 19.5 1.56 0 .46 49.5 25.3 25.0 C l a y loam 
3 7.8 29 .0 2.34 0 . 0 4 58.4 22.5 18.8 L o a m 
4 8.6 21 .5 2.60 4 .69 54.2 39.0 6.5 S i l t loam 
5 8.3 21 .0 2.86 4 . 2 8 50.9 32.5 16.2 S i l t loam 
6 8.4 24 .0 2.44 4 .11 48.4 34.6 18.0 Si l t loam 
7 8.6 4 0 . 5 2.08 4 .40 43.4 39.8 16.5 Si l t loam 
8 8.2 22 .0 2.76 2 .53 60.0 22.6 17.2 L o a m 
9 8.8 35 .0 2.03 2 .41 31.8 53.4 14.3 Si l t 
10 8.7 12.0 2.70 8 .88 41.0 35.8 22.8 Si l t loam 
11 8.3 15.0 2.39 2 .20 48.0 30.5 21.4 Si l t loam 
12 7.9 32 .5 1.61 0 .21 64.4 23.3 12.0 L o a m 
13 8.1 19.0 2.06 0 .71 50.8 41.3 7.5 Si l t loam 
14 7.9 31 .0 1.82 T r a c e 53.8 32.5 13.5 L o a m 
15 7.8 34.0 2.13 0 .46 43.7 38.5 16.8 Silt loam 
16 7.5 37 .0 2.03 0 .08 66.4 22.8 10.5 L o a m y sand 
17 7.3 27 .5 2.65 T r a c e 68.3 20.4 10.8 L o a m y sand 
18 7.8 23.0 2.76 0 .33 40.4 30.9 28.1 S i l t y clay l o a m 
19 7.7 37.5 2.96 1.04 47.3 32.5 20.0 Si l t loam 
20 7.3 23 .5 1.82 T r a c e 69.5 19.4 11.0 L o a m y send 
t h e r a n g e was 1.10 t o 4 .20 p p m w i t h a n a v e r a g e of 2.02 p p m . T h e zinc e x t r a c t a b l e w ith d i t h i z o n e 
v a r i e d f r o m 0.20 t o 2 . 5 0 p p m , a n d t h e a v e r a g e was 1 .09 p p m . The zinc e x t r a c t e d by a m m o n i u m 
a c e t a t e (pH 4.6) v a r i e d f r o m 0.20 t o 1 .95 p p m w i t h a n a v e r a g e of 0 .88 . O f all the e x t r a c t a n t s 
t e s t e d m a g n e s i u m c h l o r i d e gave t h e l o w e s t a m o u n t of e x t r a c t a b l e z inc , r a n g i n g f r o m 0 .15 t o 
1 . 9 0 p p m wi th a n a v e r a g e of 0 .78 p p m . D e p e n d i n g u p o n the m a g n i t u d e of zinc e x t r a c t i o n , 
t h e s e e x t r a c t a n t s c o u l d be a r r a n g e d i n descending o r d e r as fol lows: d i l a t e ( h y d r o c h l o r i c -
s u l p h u r i c ) acid m i x t u r e > D T P A - a m m o n i u m c a r b o n a t e > d i th izone > a m m o n i u m a c e t a t e 
( p H 4.6) > m a g n e s i u m chloride. 
Nega t ive c o r r e l a t i o n s were f o u n d be tween t h e z inc e x t r a c t e d b y v a r i o u s e x t r a c t a n t s 
a n d t h e soil p H or t h e calcium c a r b o n a t e con ten t of t h e soi ls (Table 3). T h e s e nega t ive c o r r e l a -
t i o n s migh t be d u e t o t h e presence o f i n s o l u b l e c a l c i u m z i n c a t e s . This f o r m of zinc could n o t b e 
e x t r a c t e d by t h e e x t r a c t a n t s , t h u s l e a d i n g to a nega t i ve co r r e l a t i on . F r o m t h e " r " values o b t a i n -
e d , i t was qu i te o b v i o u s t h a t e x t r a c t i o n b y m a n y e x t r a c t a n t s was m a i n l y a f f e c t e d by the p H a n d 
t h e calc ium c a r b o n a t e con ten t of t h e soils. The " r " v a l u e s for c a l c i u m c a r b o n a t e were n o n -
s i g n i f i c a n t , b u t s i n c e t h e y a p p r o a c h e d t h e level of s i g n i f i c a n c e , c a l c i u m c a r b o n a t e h a d s o m e 
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Table 2 
Zinc extracted (ppm) from the soils with various extradants 
Soil n u m b e r 
0 . 0 5 N hydroch lo r i c !<>.005 M D T P A + 0 .01 M 
a c i d + 0 025 Л T E A b u f f e r + 0 .01 M 
s u l p h u r i c acid c a l c i u m chlor ide + 1 .0 M 
i a m m o n i u m c a r b o n a t e 
0 .01 per cen t 
d i th i zone -+- N 
a m m o n i u m a c e t a t e 
iV a m m o n i u m 
ace t a t e 
( p H 4.6) 
2 N m a g n e s i u m 
c h l o r i d e 
l 1.75 1.65 0.75 0.70 0.60 
2 1.25 1.40 0.40 0.40 0 .25 
3 1.10 1.20 0.45 0.35 0 .30 
4 1.35 1.15 0.30 0.30 0.20 
5 1.55 1.30 0.25 0.20 0.15 
6 1.85 1.60 0.50 0.40 0.35 
7 1.95 1.65 0.55 0.45 0.40 
8 1.80 1.50 0.35 0.30 0.25 
9 1.40 1.10 0.20 0.35 0.15 
10 2.25 2.10 1.80 1.60 1.25 
11 1.50 1.15 0.50 0.35 0.40 
12 5.40 4.20 2.50 1.80 1.90 
13 4.55 3.85 2.00 1.50 1.40 
14 1.90 1.25 0.80 0.75 0.55 
15 2.35 1.80 1.70 1.05 0.95 
16 2.60 2.00 1.25 0.95 0.75 
17 4.10 3.50 2.35 1.95 1.85 
18 3.95 3.25 2.25 1.85 1.80 
19 2.25 2.50 1.50 1.25 1.10 
20 1.90 2.15 1.35 1.10 0.90 
' n f l uence o n soil zinc e x t r a c t i o n . However , t h e e x t e n t of this i n f l u e n c e was less t h a n t h a t of 
t he soil p H . s ince the soil p H g a v e s igni f icant " r " va lues with m o s t of the e x t r a d a n t s . T h e silt 
c o n t e n t g a v e a negat ive b u t non- s ign i f i can t c o r r e l a t i o n with t he e x t r a c t a b l e zinc. T h e r e a s o n for 
th is m a y be t h e presence of c a l c i u m c a r b o n a t e i n t h e silt f r a c t i on of t h e soils. The s a n d conten t 
gave a p o s i t i v e b u t n o n - s i g n i f i c a n t co r re la t ion w i t h the e x t r a c t a b l e soil zinc. T h e s e t y p e s of 
r e l a t i onsh ip be tween s i l t / s a n d a n d e x t r a c t a b l e z inc were also o b t a i n e d by VITTAL (1971). 
T h e c l a y con ten t g a v e a non- s ign i f i can t nega t ive c o r r e l a t i o n w i th the e x t r a c t a b l e soil 
zine. W i t h m a n y e x t r a d a n t s , t h e " r " values w e r e of a very low o r d e r , which i n d i c a t e d t h a t the 
clay c o n t e n t d id not a f f e c t soil zinc e x t r a c t i o n w i t h these e x t r a c t a n t s . The o r g a n i c m a t t e r 
con ten t also g a v e n o n - s i g n i f i c a n t cor re la t ions w i t h most of t h e e x t r a c t a n t s , e x c e p t w i t h the 
di lute (hydrochlor ic—sulphur ic ) acid mix tu re , w h e r e the " r " v a l u e w a s highly s i g n i f i c a n t . Such 
a h ighly s i g n i f i c a n t nega t ive cor re la t ion v a l u e i n d i c a t e d t h a t t h e soil zinc e x t r a c t i o n w i t h the 
di lute ac id m i x t u r e was s t r o n g l y af fec ted b y t h e organic m a t t e r c o n t e n t of t h e s e soi ls . 
Symptoms of zinc deficiency in lentil. T h e fol lowing d e f i c i e n c y symptoms w e r e recorded 
in lentil p l a n t s a f te r 50 d a y s ' g rowth . 
1. T h e midd le l ea f le t s s h o w e d a f ad ing o f t h e green c o l o u r a t i o n , followed b y t h e develop-
m e n t of a ye l lowish o range p i g m e n t a t i o n . 
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Table 3 
Simple correlation coefficients (r) between physico-chemical properties of the soil and 
zinc extracted by various extradants 
P r o p e r t y 
Zinc extracted b y 
pH T o t a l 
zinc 
Organic 




Clay Silt Sand 
0 . 0 5 IV h y d r o c h l o r i c 
a c i d + 0.025 N 
su lphu r i c acid - 0.361 + 0 .039 - 0 . 8 5 4 * * - 0 . 3 0 2 0 . 3 0 7 - 0 . 1 3 9 + 0 . 2 2 3 
0 . 0 0 5 M D T P A + 0 . 0 1 
M T E A buf fe r + 0 . 0 1 
M calcium c h l o r i d e 
• 1.0 a m m o n i u m 
c a r b o n a t e —0.444 + 0.012 - 0 . 1 1 1 —0.424 — 0 . 2 4 3 —0.255 + 0 . 2 3 1 
0 .01 per cent d i t h i z o n e 
+ N a m m o n i u m 
a c e t a t e 0.512* + 0 .013 0.043 — 0.275 - 0 . 0 9 8 — 0.224 + 0 . 1 8 5 
N a m m o n i u m a c e t a t e 
( p H 4.6) - 0 . 4 8 3 * - 0 . 0 1 2 + 0.134 - 0 . 2 2 4 — 0 . 0 3 8 — 0.202 + 0 . 0 1 8 
2 N magnes ium 
chlor ide - 0.484* — 0 . 0 0 1 + 0.133 — 0.269 — 0 . 0 5 8 — 0.233 + 0 . 2 0 3 
* S t a t i s t i c a l l y s ign i f ican t a t t h e 5 ° 0 level. 
** S t a t i s t i c a l s ignif icant a t t h e 1 % level. 
Table 4 
Dry weight of lentil shoot (g per pot) under different treatments und 
percentage or relative yields 
Soil 
n u m b e r 
Zinc added to soils (ppm) 
Percentage o r 
relative y ie ld 0.0 4.0 8 .0 
1 3.27 8.05 5 . 2 0 4 0 . 6 2 
2 4.26 5.07 7 . 0 7 6 0 . 2 5 
3 4.13 6 .63 5 . 7 9 6 2 . 2 9 
4 2.06 1.45 3 . 7 1 55 .52 
5 4.19 4.71 6 . 0 4 69 .37 
6 3.51 2 .45 4 . 9 0 7 1 . 6 3 
7 4.70 2 .63 4 . 1 1 100 .00 
8 3.31 5.52 5 . 5 3 5 9 . 8 5 
9 2.72 6 .35 5 . 1 1 4 2 . 8 3 
10 6.71 4.45 2 . 5 2 100 .00 
11 3.71 3 .54 5 . 9 3 6 2 . 5 6 
12 5.12 2 .63 4 . 9 2 100.00 
13 6.30 2.68 6 . 2 6 100 .00 
14 3.30 4 .50 2 . 5 2 7 3 . 3 3 
15 5.91 2 .44 8 . 5 0 6 9 . 5 3 
16 7.90 8.15 7 . 4 5 9 6 . 9 3 
17 5.43 6 .71 6 . 5 0 80 .92 
18 4.32 2.71 4 . 0 5 100.00 
19 8.11 7.92 7 . 1 3 100 .00 
20 7.90 4 .94 5 . 9 9 100.00 
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2. T h e size of t h e l amina w a s r educed . 
3. P r e m a t u r e shedd ing of t he severe ly af fec ted l e a f l e t s , f i rs t of t he m i d d l e leaves a n d t h e n 
of t he y o u n g l eaves , w as also o b s e r v e d . 
Such s y m p t o m s a p p e a r e d in e leven of the t w e n t y soils s t ud i ed , whi le the r e m a i n i n g 
nine soils (soil n u m b e r s 10, 12, 13, 15, 16, 17, 18, 19 a n d 20) d id not show a n y s y m p t o m s . T h e s e 
s y m p t o m s were o n l y observed in p l a n t s grown as c o n t r o l s (wi thout a d d e d zinc). 
Critical limits of available zinc in soils for lentil crop. The s c a t t e r d iagram m e t h o d , 
as descr ibed b y GATE—NELSON (1965) , was used t o d iscover the c r i t i c a l l imits of z i nc in 
these soils. 
The soil t e s t va lue s (Tab le 2) a n d the p e r c e n t a g e y ie ld (Table 4) w e r e plot ted on t h e X 
a n d Y axes (F ig . 1) fo r d i f f e r en t e x t r a d a n t s . One of t h e chief a ims in a t t e m p t i n g t o r e l a t e 
t he pe rcen t age y ie ld to soil t es t v a lues in this way w as t o f i n d the po in t of inf lexion on t h e c u r v e 
( t e rmed "Cr i t i c a l soil t e s t l imi t o r v a l u e " ) below w h i c h t h e p robab i l i ty of ge t t ing an e c o n o m i c 
response to a d d e d fer t i l izer is h i g h , a n d above w h i c h t h e p robab i l i ty of s u c h a response is l o w . 
The v a l u e of t h e "c r i t i c a l l i m i t " for zinc (1 .81 p p m ) in soils u s e d for lentil c r o p s w a s 
highest w i t h t h e d i lu t e (hydroch lo r i c—su lphur i c ) a c id m i x t u r e . This w a s followed by D T P A -
a m i n o n i u m c a r b o n a t e (1.51 p p m ) . d i th izone (0.52 p p m ) , a m m o n i u m a c e t a t e , p H 4.6 (0.42 p p m ) 
a n d m a g n e s i u m chlor ide (0.34 p p m ) . E x t r a c t a n t s w h i c h e x t r a c t e d m o r e z inc gave h igher v a l u e s 
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Fig. 1. S c a t t e r d i a g r a m of percen tage y ie ld of lentil ve rsus e x t r a c t a b l e zinc i n soil 
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D O E S P H O T O S Y N T H E T I C G L Y C O L A L D E H Y D E F O R M A T I O N O C C U R A T A N E N D O -
G E N O U S L E V E L A N D W H A T I S I T S I N T E N S I T Y ? 
NOSTICZIUS ( 1 9 7 3 , 1976) p r o d u c e s ind i rec t e v i d e n c e of t h e role of f o r m a l d e h y d e , g lycol -
a l d e h y d e and g lycer ic a l d e h y d e in s u g a r s y n t h e s i s r e l a t e d w i t h t h e c a r b o n c y c l e . B y a d d i n g one -
a n d t w o - c a r b o n a t o m precur so r s u n d e r i l l umina ted c o n d i t i o n s he a t t a i n e d t h e same e x t e n t 
of s t i m u l a t i o n on t h e s accha rose , g a l a c t o s e and r ibose l e v e l s a s w i th g lyce r i c a l d e h y d e . G lyco l -
a l d e h y d e t akes p a r t d i r e c t l y in C a l v i n ' s c a r b o n cycle m e c h a n i s m (CALVIN 1955) , t h u s t h e m a i n 
p o i n t of the q u e s t i o n is w h e t h e r p h o t o s y n t h e t i c g l y c o l a l d e h y d e f o r m a t i o n o c c u r s a t an e n d o -
g e n o u s level, a n d if so, w h a t is i t s i n t e n s i t y . 
O'NEAL et al. (1972) s t a r t e d f r o m c a r b o n d i o x i d e a n d c o n f i r m e d t h e idea of g lyco la l -
d e h y d e f o r m a t i o n s u g g e s t e d b y BALDRY et al. (1966) w i t h t h e i n c o r p o r a t i o n of CO, l abe l l ed 
w i t h r a d i o a c t i v e c a r b o n , since b o t h c a r b o n a t o m s of t h e g l y c o l a l d e h y d e s h o w e d n e a r l y t h e 
s a m e r a d i o a c t i v i t y . T h e p h o t o s y n t h e t i c f o r m a t i o n of g l y c o l a l d e h y d e w a s p r o v e d by t h e fo l -
l o w i n g r e d u e t i v e s t e p s : 
°
 H
 H + Н Ч H 
2CO„ + 2 H > ; С - С r f + 2 H > Н О - у С - С g l y c o l a l d e h y d e 
• I I х H о 
I t is o b v i o u s t h a t du r ing t h e m u l t i - s t a g e r e d u c t i o n t w o molecules of w a t e r w ill be f o r m e d , 
u s i n g fou r a c t i v i z e d p r o t o n s , a n d n o t m o l a r o x y g e n . 
The o t h e r p h o t o s y n t h e t i c p a t h w a y of g l y c o l a l d e h y d e f o r m a t i o n , s u p p o s e d l y w i t h a n 
i n t r a m o l e c u l a r t r a n s f o r m a t i o n of f o r m a l d e h y d e , is s u g g e s t e d by NOSTICZIUS (1973, 1975) 
o n t h e basis of i n d i r e c t e x p e r i m e n t a l r e s u l t s . The t r a n s f o r m a t i o n of the t w o molecu le s of f o r m a l -
d e h y d e in to g l y c o l a l d e h y d e can b e g i v e n b y the f o l l o w i n g f o r m u l a : 
о H , о
ч
 H 
С II I C O > 4 С С
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 О Н 
II H H H 
The g l y c o l a l d e h y d e f o r m a t i o n of the f i r s t s c h e m e is i nc r ea sed , w i t h a s i m u l t a n e o u s 
dec rease in the i n t e n s i t y of p h o t o s y n t h e t i c carbon d i o x i d e f i x a t i o n as a r e s p o n s e to m o n o - i o d i c 
a c e t i c acid and a r s e n i t e , while t h e v a l u e of the p h o t o s y n t h e t i c q u o t i e n t a l so changes , a c c o r d i n g 
t o d a t a p u b l i s h e d b y C A L O — G I B B S ( 1 9 6 0 ) a n d G I B B S — C A L O ( 1 9 6 0 ) . 
As for t h e s e c o n d s c h e m e , al l t h a t is k n o w n f r o m ind i rec t e v i d e n c e is t h a t u n d e r i l lu-
m i n a t e d c o n d i t i o n s t h e a m o u n t s of g lyeose , ga l ac tose a n d r ibose i n c r e a s e in a lmost t h e s a m e 
m e a s u r e as a r e s p o n s e t o the a d d i t i o n of f o r m a l d e h y d e , g l y c o l a l d e h y d e a n d glyceric a l d e h y d e . 
G l y c o l a l d e h y d e f o r m a t i o n s t a r t i n g f r o m f o r m a l d e h y d e u n d e r e x p e r i m e n t a l c o n d i t i o n s is 
s t r o n g l y s u g g e s t e d b y the f ac t t h a t u n d e r the i n f l u e n c e of g l y c o l a l d e h y d e a n d glyceric a l d e h y d e 
a l m o s t the s a m e q u a n t i t i e s of g l y e o s e , galactose a n d r i b o s e are f o r m e d i n t h e de f in i t e p r o p o r -
Acta Agronomica Acadrmiar Scirntiorum Hungaricae 26, 1977 
208 C O N T R I B U T I O N 
t i o n s of t h e p h o t o c h e m i c a l s y s t e m s P I a n d P I I . However , as t o t h e m e c h a n i s m of p h o t o s y n -
t h e t i c s u g a r f o r m a t i o n , it is n o t k n o w n w h e t h e r g l y e o l a l d e h y d e f o r m a t i o n f r o m f o r m a l d e h y d e 
t a k e s p l a c e a t an e n d o g e n o u s level too , or w h e t h e r th i s new p a t h w a y is only i n i t i a t e d u n d e r the 
i n f l u e n c e of an e x t r a dose of e x o g e n o u s f o r m a l d e h y d e . The s u b j e c t m a t t e r g iven in t h e paper 
m a k e s t h e ex is tence of t h e s e c o n d s c h e m e p r o b a b l e . 
F u r t h e r ques t ions h a v e ar isen c o n c e r n i n g the ra t io of t h e f i r s t and s e c o n d schemes 
b o t h a t a n e n d o g e n o u s l eve l of t h e c o m p o n e n t s a n d under t h e i n f l u e n c e of e x o g e n o u s precur-
sors, a n d a lso as a c o n s e q u e n c e of m o d i f i c a t i o n s in the b i o c h e m i c a l m e c h a n i s m s a c t i v a t e d by 
spec ia l i n h i b i t o r s . T h e q u e s t i o n of w h e t h e r t h e a b o v e two s c h e m e s regu la r ly o c c u r in higher 
g reen p l a n t s , and in a lgae a n d p h o t o s y n t h e t i c b a c t e r i a , shou ld a l so be a n s w e r e d . 
F u r t h e r , it seems p r o b a b l e t h a t in t h e p roces se s of e l e c t r o n a n d p r o t o n t r a n s p o r t in-
d u c e d b y p h o t o c h e m i c a l e n e r g y a b s o r b e d b y t h e p h o t o c h e m i c a l s y s t e m s P I a n d P I I . endoge-
nous a n d e x o g e n o u s c y t o k i n i n e s also t a k e p a r t (HORVÁTH —POZSÁR 1974), whi le t h e i n t e n s i t y 
of p h o t o s y n t h e t i c c a r b o n d i o x i d e f i x a t i o n is in pos i t i ve c o r r e l a t i o n p r i m a r i l y w i t h t h e soluble 
p r o t e i n l eve l of the c h l o r o p l a s t . as de sc r ibed in o u r earl ier p u b l i c a t i o n (POZSÁR 1971) . 
В . I . POZSÁR 
I n s t i t u t e of I s o t o p e of t h e H u n g a r i a n 
A c a d e m y of Sciences , 1525 B u d a p e s t , 
P . О . B . 7 7 . 
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FIBER C R O P S 
James M . D e m p s e y 
.!. M. DEMPSEY: Fiber Crops. 
T h e U n i v e r s i t y P r e s s e s of F l o r i d a , 1975. 
Professor D e m p s e y (1912 1972 ) ap-
p r o a c h e s his s u b j e c t w i t h a deep p r o f e s s i o n a l 
k n o w l e d g e , a w i d e r a n g e of p r a c t i c a l exper i -
e n c e and an o b v i o u s f a m i l i a r i t y w i t h the 
m a t e r i a l . In his b o o k " F i b e r C r o p s " h e deals 
w i t h t h e nine m o s t i m p o r t a n t t e x t i l e f ibe r s , 
p r i m a r i l y w i t h t h o s e f o r m i n g t h e r a w m a t e -
r i a l s of v a r i o u s b r a n c h e s of t h e t e x t i l e in-
d u s t r y . 
T h e nine i n d u s t r i a l f iber c rops c o n c e r n e d 
a r e : 1) F l a x , 2) H e m p . 3) R a m i e , 4) J u t e , 
5) K e n a f , 6) Roselle, 7) U r e n a , 8) China j u t e 
and 9) S u n n H e m p . 
Of t h e f i b e r crops d i c u s s e d those n u m -
bered 1 - 3 a re classif ied i n t h e hook as f i n e 
t ex t i l e f i l i e r c rops and 4 - 8 as sack i n d u s t r i e s 
f ibe r c r o p s , while 9 is p l a c e d a m o n g t h e r a w 
m a t e r i a l s of rope and c o r d a g e m a k i n g . 
T h e a u t h o r does n o t d e a l w i t h t h e d i f f e r -
en t h a r d f i b e r s used in t h e t ex t i l e i n d u s t r y , 
nor w i t h leaf and f r u i t f i b e r s . 
P r o f e s s o r D e i n p s e y ' s w o r k re f l ec t s h i s 
l i fe - long e n d e a v o u r to k n o w all a b o u t t h i s 
s u b j e c t . Bes ides his t h e o r e t i c a l s t u d i e s , 
r e s e a r c h ac t iv i t i e s a n d p u b l i c a t i o n s , he c a r -
ried o u t a n d d i rec ted p r a c t i c a l a g r o t e c h n i -
cal w o r k in a lmost all t h o s e places in t h e 
w o r l d w h e r e t h e p l a n t s d i s c u s s e d in t h e b o o k 
are g r o w n . T h e u n i t y of t h e o r y and p r a c t i c e 
h a s m a d e it possible, a p a r t f r o m the m o r p h o -
logica l , biological , b o t a n i c a l , economic , s t a -
t i s t i c a l a n d p r o d u c t i o n d a t a of t h e i n d i -
v i d u a l f i b e r crops, t o g i v e p rac t i ca l a d v i c e 
a n d g u i d a n c e to g r o w e r s . I t is a w e l l - k n o w n 
f a c t t h a t in the U n i t e d S t a t e s of A m e -
r ica t h e p r o d u c t i o n of b a s t f ibers a n d f i b e r 
c r o p s is negligible, a s c o t t o n is d o m i n a n t 
in e v e r y respec t . T h e a u t h o r m a d e a s u c c e s s -
fu l a t t e m p t e.g. to e s t a b l i s h a ful ly m e c h a n -
ized r a m i e p l a n t a t i o n i n F l o r i d a wh ich h e a l so 
m a n a g e d for some t i m e . His r e sea r ch a n d 
a d v i s o r y work he lped a n u m b e r of c o u n t r i e s 
in S o u t h - E a s t Asia t o ach ieve an e f f i c i e n t 
k e n a f p r o d u c t i o n . 
T h i s w or k , of n e a r l y 500 pages w i t h m a n y 
t a b l e s , d a t a and p h o t o s , is also of a s s i s t a n c e 
in c h o o s i n g the m o s t su i t ab l e h a r v e s t i n g 
m a c h i n e s . The r e a d e r is m a d e a c q u a i n t e d 
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with several kinds of equipment which may 
have escaped his attention so far (e.g. the 
ramie seed-drill, a Dutch hemp harvester, 
flax-pullers, etc.). 
Flax. The chapter begins wi th the presen-
tation of the economic importance of flax, 
followed by a brief summary of its 7000 
year history. Then we are given useful prac-
tical information about the following ques-
tions of cultivation: adapta t ion, climatic 
requirements, demands on the soil, botanical 
problems, genetic aspects, breeding, rotation, 
cultural practices, methods, techniques and 
advice, harvest mechanization, rippling, 
drying, seed handling, pests of the stalk and 
fiber, soil preparation to ensure the next 
crop, various kinds of retting, turbine scutch-
ing, yields, characteristic features and classi-
fication of the flax fiber and flax-tow, de-
tailed references and contents. 
Hemp. As to structure this chapter is 
similar to the previous one, bu t contains in 
addition the following points: hemp as a 
narcotic, the cottonization of hemp, etc. 
Among the references a number of Hun-
garian sources are found (Iván Bocsa). 
The other textile fibers listed before are 
treated in the book in a similar way. 
The statistical data in the tables, concern-
ing the growing area, yield and amounts 
of fibers produced, are accurate, up-to-date, 
containing data up to and including the first 
years of the seventies, and also present the 
relevant figures for the Soviet Union and 
the socialist countries. 
Such a thorough, comprehensive, ex-
haustive and high level work has not been 
published on this subject for decades. Works 
of a similar character were perhaps published 
in the mid-thirties by the J . Springer Verlag, 
and some Soviet manuals may be ranked with 
these works. It should be of considerable help 
to those interested in the subject in Hungary. 
T . B E C K 
Le contrôle de Valimentation des piailles cul-
tivées. 3e Colloque européen et méditerranéen 
Budapest, (3rd European and Mediterranean 
Conference on the nutrition control of culti-
va ted plants). Akadémiai Kiadó, Budapest , 
Vols. f . II, 1010 pages. 
In this book we f ind a list of names which 
shows that 102 foreign participants f rom 14 
countries and 57 Hungarians took an active 
part in the work of the conference. A total 
of 103 lectures were delivered, the material 
of which is contained in two volumes. The 
subject matter of the conference is t reated 
on 1010 pages divided into six sections. 
Section I contains lectures dealing with 
the general principles of the leaf diagnosis 
method and analytic-methodological ques-
tions concerned with its application (23 lec-
tures). In Section II lectures discussing the 
mineral nutrition of cereals, fodder and in-
dustrial plants are found (13 lectures). Sec-
tion 111 contains the subject matter of lec-
tures delivered on the mineral nutr i t ion of 
vegetables, ornamentals and arborescent 
Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
KECENSIONES 2 1 1 
p l a n t s (10 l e c t u r e s ) . In Sect ion I V t h e m i n e r a l 
n u t r i t i o n of M e d i t e r r a n e a n a n d s u b t r o p i c a l 
p l a n t s is d i s c u s s e d (14 l e c t u r e s ) . Sec t ion V 
deals w i t h t h e mine ra l n u t r i t i o n p r o b l e m s 
of g r a p e v a r i e t i e s (24 l e c t u r e s ) . I n Sec t ion 
V I l e c t u r e s h e l d on t h e m i n e r a l n u t r i t i o n of 
v a r i o u s f r u i t s a re f o u n d (19 l e c t u r e s ) . 
T h e l e c t u r e s are p u b l i s h e d in F r e n c h , 
R u s s i a n , E n g l i s h a n d G e r m a n , a n d w i t h 
a few e x c e p t i o n s e a c h of t h e m is c o m p l e t e d 
w i t h a s u m m a r y w r i t t e n in E n g l i s h . I t is 
a p i t y t h a t E n g l i s h a n d R u s s i a n s u m m a r i e s 
are n o t a d d e d t o all t h e l e c t u r e s . 
W e s h o u l d l ike to give b e l o w m o r e de ta i l ed 
i n f o r m a t i o n a b o u t t h e s u b j e c t s d i scussed 
in t h e s ix s ec t ions . T h e f u l l e s t p a r t i c u l a r s 
will be g i v e n fo r Sec t ion I , b e c a u s e it is he re 
t h a t m a n y f u n d a m e n t a l q u e s t i o n s a re dea l t 
w i th w h i c h m a y be of g e n e r a l i n t e r e s t . 
S e c t i o n I i nc ludes a l e c t u r e on t h e leaf 
ana lys i s of ce rea l s as a m e t h o d of d e t e r m i n -
ing t h e n e c e s s a r y a m o u n t of f e r t i l i ze r . The 
m a r g i n a l v a l u e s of t ox i c i t y w e r e e s t a b l i s h e d 
b y b o r o n a n d i ron a n a l y s e s of t o m a t o leaves . 
A s e p a r a t e l e c t u r e w a s d e l i v e r e d on t h e 
a c c u r a c y a n d sens i t iv i ty of t h e a n a l y t i c a l 
m e t h o d s u s e d in leaf d i agnos i s . T h e a u t h o r s 
d e t e r m i n e d t h e necessa ry d e g r e e of a c c u r a c y 
in t h e case of v a r i o u s c o n c e n t r a t i o n s of m a e r o -
a n d m i c r o - e l e m e n t s in t h e l e a f . 
In o n e of t h e l ec tu res i on ic n u t r i e n t t r a n s -
p o r t in p l a n t s a n d c o n d i t i o n s i n f l u e n c i n g t h e 
ion b a l a n c e a re d iscussed . N a m e l y , a c i d i t y 
a n d a l k a l i n i t y are c o m p e n s a t e d in t h e p l a n t s 
by c a t i o n a n d an ion u p t a k e , r e s p e c t i v e l y . 
In t h e c o u r s e of t h e n i t r o g e n a n d s u l p h u r 
cycles t h e c h e m i c a l r e a c t i o n in t h e p l a n t s 
g e n e r a l l y s h i f t s . The p r o p e r a p p l i c a t i o n of 
leaf d i a g n o s i s r equ i r e s a k n o w l e d g e of these 
p rocesses . 
I n v e s t i g a t i o n s w:ere m a d e i n t o t h e possi-
bi l i t ies of e m p l o y i n g a m a t h e m a t i c a l m o d e l 
fo r t h e a p p l i c a t i o n of leaf d i agnos i s d a t a 
to a n a d v i s o r y service in f e r t i l i z a t i o n . T h r o u g h 
s t u d i e s o n t h e mine ra l n u t r i t i o n of p l a n t s , 
b y m e a n s of soil and p l a n t a n a l y s e s , i t is 
poss ib le t o d e t e r m i n e t h e o p t i m u m a m o u n t s 
of n u t r i e n t s r equ i r ed t o o b t a i n t h e l a rges t 
poss ib le y i e ld s . I n v e s t i g a t i o n s i n t o t h e re la -
t ion b e t w e e n fer t i l izer e f f i c i e n c y a n d l ight 
i n t e n s i t y have r e v e a l e d t h a t in p l a n t s (e .g. 
t o b a c c o ) k e p t in t h e s h a d e t h e m i n e r a l a n d 
o r g a n i c m a t t e r c o n t e n t of t h e leaves c h a n g e s . 
A c c o r d i n g to t h e r e s u l t s of t h e i n v e s t i g a -
t i o n s t h i s p l a n t a n a l y s i s could b e c o m e t h e 
b a s i s of f e r t i l i z a t i o n a n d serve n o t o n l y t o 
c h e c k w h e t h e r t h e l e v e l of f e r t i l i z a t i o n w a s 
a p p r o p r i a t e , b u t a l so t o f i n d o u t w h a t k i n d 
of n u t r i e n t d e f i c i e n c y o c c u r r e d d u r i n g t h e 
v e g e t a t i v e pe r iod a n d e l a b o r a t e a r a t i o n a l 
s y s t e m of f e r t i l i z a t i o n . 
I n soil e x p l o i t a t i o n t r i a l s car r ied o u t w i t h 
g r a s s e s g rown in p l a s t i c cu l tu re p o t s t h e 
f e r t i l i t y and n u t r i e n t l eve l of t h e soil a n d t h e 
e c o n o m i c e f f i c i e n c y of n u t r i e n t u t i l i z a t i o n 
c o u l d be d e t e r m i n e d . I n t h e case of f r u i t 
t r e e s t h e mine ra l n u t r i t i o n d a t a of p l a n t s , 
d e t e r m i n e d b y leaf d i a g n o s i s , were p r o c e s s e d 
b y c o m p u t e r for t h e p u r p o s e of a d v i s o r y w o r k 
in f e r t i l i z a t i on . 
Bes ides the g e n e r a l p r o b l e m s S e c t i o n I 
a lso inc ludes d e s c r i p t i o n s of i n v e s t i g a t i o n s 
i n t o t h e co r r e l a t ion b e t w e e n t h e p h o s p h o r u s 
a n d bo ron u p t a k e of p l a n t s , a n d b e t w e e n 
t h e m a g n e s i u m l e v e l of t h e soil a n d m a g n e -
s i u m u p t a k e b y p l a n t s . T h e f e r t i l i z ing e f f ec t 
of p e a t and c o m p o s t s w a s s t u d i e d a t d i f f e r e n t 
d e g r e e s of f e r m e n t a t i o n . F u r t h e r l e c t u r e s 
d e a l t w i t h m e t h o d o l o g i c a l p r o b l e m s . The 
s u i t a b i l i t y of a n a t o m i c a b s o r p t i o n m e t h o d 
f o r d e t e r m i n i n g c a l c i u m , m a g n e s i u m , m a n -
g a n e s e , zinc a n d c o p p e r c o n t e n t s i n p l a n t s 
w a s t e s t e d . 
E t a l o n s ( s t a n d a r d samples ) r e q u i r e d for 
t h e ca l ib ra t ion of t h e leaf a n a l y s e s were 
d i scussed in a s e p a r a t e l ec tu re . T h e e f f ec t 
of d u s t r is ing f r o m t h e g r o u n d a n d se t t l i ng 
o n t h e surface of t h e p l a n t m u s t n o t b e l e f t 
o u t of c o n s i d e r a t i o n e i t he r , b e c a u s e if an 
i m p r o p e r m e t h o d of p r e p a r a t i o n is e m p l o y e d 
i t will in f luence t h e r e s u l t s . 
One l ec tu re d e a l t w i t h t h e e r r o r s (losses) 
o c c u r r i n g w h e n p l a n t m a t e r i a l s a r e r e d u c e d 
t o d r y ashes. S o v i e t a u t h o r s gave a n a c c o u n t 
of t h e resul t s o b t a i n e d b y t h e a p p l i c a t i o n of 
leaf d iagnos t i cs i n t h e Sovie t U n i o n . Sec t ion 
I inc ludes , f u r t h e r , t h e de sc r ip t i on of a r ap id 
ac id hydro lys i s m e t h o d e l a b o r a t e d f o r the 
p u r p o s e s of leaf a n a l y s i s . I n S e c t i o n I a re 7 
R u s s i a n , 5 H u n g a r i a n , 4 F r e n c h , 4 S p a n i s h 
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l e c tu re s and 1 C z e c h o s l o v a k i a n , 1 Belgian 
a n d 1 D u t c h . 
Section I I c o n t a i n s lec tures h e l d on the 
m i n e r a l ( m a c r o - a n d m i c r o - e l e m e n t ) nu t r i -
t i o n of w h e a t , m a i z e , p o t a t o a n d sugar-
b e e t as s tud ied b y leaf analys is . T h e a u t h o r s 
fo l lowed t h e a c t i o n of minera l n u t r i t i o n on 
t h e q u a n t i t y a n d q u a l i t y of y i e l d . 
The l ec tu res c o n t a i n e d in t h i s s e c t i o n gave 
a n account of t h e a p p l i c a t i o n of l e a f d i agnos i s 
m e t h o d s for s o l v i n g concrete p r o b l e m s of 
f e r t i l i za t ion . T h e succes s fu l use of t h e m e t h o d 
is d e m o n s t r a t e d b y a large n u m b e r o f t ab les 
a n d d iagrams. S e c t i o n I I inc ludes 7 R u s s i a n , 3 
S p a n i s h , 2 H u n g a r i a n lec tures a n d 1 F r e n c h . 
Among t h e l e c t u r e s in S e c t i o n 111 the re 
i s one on the l ea f d iagnos i s of m i n e r a l ( N P K ) 
n u t r i t i o n in a r b o r e s c e n t p l an t s . A s e p a r a t e 
l e c t u r e gives a n a c c o u n t of grow t h s t u d i e s on 
t u l i p s by m e a n s of t h e " C i s o t o p e . O n e of 
t h e lectures in t h i s section p r e s e n t s the 
r e s u l t s of i n v e s t i g a t i o n s in to t h e m i n e r a l 
n u t r i e n t s u p p l y of rose p lan t s w i t h t h e aid 
o f leaf diagnosis . T h e ques t ions of t h e m i n e r a l 
n u t r i t i o n and f e r t i l i z a t i o n of p a p r i k a p l a n t s 
w e r e discussed in t w o lectures . A n a l y s e s of 
t h e chemical c o m p o s i t i o n and m i n e r a l cycles 
i n t o m a t o p l a n t s w e r e r epor t ed o n i n t h r e e 
l e c t u r e s . I n v e s t i g a t i o n s were m a d e i n t o the 
c h e m i c a l c o m p o s i t i o n of ca r ro t s , a n a c c o u n t 
o f w h i c h is g iven in t h i s sect ion. S e c t i o n I I I 
c o n t a i n s 3 R u s s i a n , 2 H u n g a r i a n l e c t u r e s , 
f u r t h e r 1 Pol ish, 1 C z e c h o s l o v a k i a n , 1 R u m a -
n i a n and 1 D a n i s h . 
I n Section I V l e c t u r e s dea l ing w i t h the 
m i n e r a l n u t r i t i o n of sub t rop ica l p l a n t s are 
f o u n d . We are i n f o r m e d a b o u t t h e fe r t i l i -
z a t i o n prob lems of t h e tea p l a n t , a s w e l l as 
a b o u t the o c c u r r e n c e a n d a l l ev i a t i on o f mag-
n e s i u m and m a n g a n e s e def ic iencies . R e s u l t s 
o f i nves t iga t ions i n t o t h e zinc a n d c a l c i u m 
n u t r i t i o n of c i t r u s p l a n t s are p r e s e n t e d . A 
s e p a r a t e lecture g i v e s a n account of a n a l y s e s 
c o n c e r n i n g the n i t r o g e n , p o t a s s i u m a n d 
c a l c i u m n u t r i t i o n of t h e e u c a l y p t u s . I n v e s -
t i g a t i o n s were m a d e i n t o the n i t r o g e n , p h o s -
p h o r u s and b o r o n n u t r i t i o n of o l i v e t r e e s . 
S e v e r a l lectures d i s c u s s the m i n e r a l n u t r i -
t i o n and f e r t i l i z a t i o n p rob lems o f o r a n g e 
t r e e s . Section IV c o n t a i n s lec tures d e l i v e r e d 
b y 5 S p a n i s h , 4 M o r o c c a n , 3 Russ ian a u t h o r s 
a n d 1 Is rae l i a n d J F r e n c h a u t h o r . 
L e c t u r e s in S e c t i o n V give an a c c o u n t of 
m i n e r a l n u t r i t i o n i n d i f f e r e n t g rape v a r i e t i e s 
as s t u d i e d by leaf d i a g n o s i s . T h e l e c t u r e s 
i n c l u d e d in this s e c t i o n d e a l t exc lus ive ly w i t h 
t h e r e s u l t s of i n v e s t i g a t i o n s made on g r a p e s . 
A n u m b e r of l e c t u r e s discussed t h e u s e 
of l e a f d iagnos is in s o l v i n g fe r t i l i za t ion p r o b -
l e m s , a n d the r e s u l t s of s tud ies o n t h e 
c o r r e l a t i o n b e t w e e n t h e q u a l i t y of t h e w i n e 
a n d t h e minera l n u t r i t i o n of t h e g r a p e s . 
A s e p a r a t e l ec tu re g a v e a n a c c o u n t of t h e 
e f f e c t s of soil c u l t i v a t i o n , i r r iga t ion a n d f e r -
t i l i z a t i o n on t h e n i t r o g e n , p h o s p h o r u s a n d 
p o t a s s i u m c o n t e n t s of v i n e leaves. T h e lec-
t u r e s c o n t a i n e d in t h i s s e c t i o n w-ere he ld b y 3 
F r e n c h a u t h o r s , 1 R u s s i a n , 1 Yugos lav , 1 H u n -
g a r i a n , 1 Bu lga r i an a n d 1 W e s t G e r m a n a u t h o r . 
I n t h e l ec tures of S e c t i o n V I t h e a u t h o r s 
p r e s e n t e d t h e r e s u l t s of i nves t i ga t i ons i n t o 
t h e m i n e r a l n u t r i t i o n of p e a c h , a p r i c o t , 
a p p l e , pea r , s t r a w b e r r y and r a s p b e r r y . 
T h e l e c t u r e s d i s cus sed t h e possibi l i t ies of 
u s i n g t h e resu l t s of l ea f d iagnos is fo r a d v i -
s o r y w o r k in f e r t i l i z a t i o n . I n the case of a p p l e 
t r e e s t h e poss ib i l i ty of d r a w i n g c o n c l u s i o n s 
f r o m t h e r e su l t s of leaf a n a l y s i s on t h e p r o p -
e r t i e s of q u a l i t y w a s a l so s tud ied . T h e lec-
t u r e s w e r e held b y 6 H u n g a r i a n , 4 R u s s i a n . 
4 S p a n i s h , 2 Y u g o s l a v , 2 F r e n c h p a r t i c i p a n t s 
a n d 1 D a n i s h . 
T h e m a t e r i a l of t h e t w o vo lumes c l e a r l y 
shows t h e possibi l i t ies of an i n t e r n a t i o n a l 
s c i e n t i f i c divis ion of l a b o u r and p r o v e s t h e 
u s e f u l n e s s and e f f i c i e n c y of a n e x c h a n g e of 
i n f o r m a t i o n which e n a b l e s r e su l t s o b t a i n e d 
by t h e a p p l i c a t i o n of t h e s a m e m e t h o d ( leaf 
d i a g n o s i s ) t o be c o m p a r e d . T h e sub jec t m a t t e r 
of t h e c o n f e r e n c e r e n d e r s i t possible t o c o m -
p a r e d i f f e r e n t p l a n t v a r i e t i e s , or i d e n t i c a l 
v a r i e t i e s u n d e r d i f f e r e n t e n v i r o n m e n t a l con -
d i t i o n s f o r mine ra l n u t r i t i o n , a n d t h u s d e t e r -
mine t h e cor rec t cou r se of f u r t h e r i n v e s t i g a -
t ions . I n possess ion of a w i d e r ange of i n f o r m a -
t ion i t will be ea s i e r t o e s t ab l i sh t h e 
o p t i m u m cond i t i ons of f e r t i l i ze r u t i l i z a t i o n . 
T h e b o o k is of e x c e l l e n t q u a l i t y b o t h 
t e c h n i c a l l y a n d in f o r m a t . 
I ) . G Y Ő R I 
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Von Prof. Dr. Günter M. Hoffmann, Leiter des 
Instituts für Bodenkunde, Pflanzenernährung und 
Phytopathologie der Technischen Universität Mün-
chen in Weihenstephan; Prof. Dr. Franz Nienhaus, 
Leiter der Abteilung Virologie am Institut für Pflan-
zenkrankheiten der Universität Bonn; Prof. Dr. 
Fritz Schönbeck, Direktor des Instituts für Pflanzen-
krankheiten und Pflanzenschutz der Technischen Uni-
versität Hannover; Prof. Dr. Heinrich C. Weltzien, 
Direktor des Instituts für Pflanzenkrankheiten der 
Universität Bonn; Prof. Dr. Hubert Wilbert, Leiter 
der Abteilung Entomologie am Institut für Pflanzen-
pathologie und Pflanzenschutz der Universität Göt-
tingen. 
1976. 490 Se i ten .mi t 101 Abbi ldungen, 62 Übers ich -
ten und 13 Tabel len. B a l a c r o n brosch. D M 88,— 
Mensch, Tier und Pflanze sind als Lebewesen eigentümlichen Veränderungen und 
Abweichungen im Ablauf physiologischer Prozesse unterworfen, die als Krankheiten 
bezeichnet werden. Die Medizin als wissenschaftliche Arbeit an der Krankheit, an 
ihrer Diagnose und Therapie, kennt daher drei Disziplinen: die Humanmedizin, die 
Veterinärmedizin und neuerdings auch die Phytomedizin, deren Aufgabenbereich 
weit über den der traditionellen Pflanzenpathologie hinausgeht. 
So hat sich der Begriff »Phytomedizin« im deutschen Sprachraum nunmehr durch-
gesetzt und wurde daher von den Autoren füi den Titel dieses modernen Lehrbuches 
gewählt, das aus ihrer täglichen Praxis als Hochschullehrer heraus entstanden und 
in seiner didaktischen Konzeption auf die Ausbildung des akademischen Nach-
wuchses ausgerichtet ist. Das Werk vermittelt zugleich die Grundlagen für ein eigenes 
und aktuelles Berufsbild des Phytomediziners, das den heutigen wissenschaftlichen 
und praktischen Anforderungen beim Schutz der Pflanzenproduktion, beim Gesund-
heitsschutz für Produzenten und Verbraucher und den vielfältigen Aufgaben beim 
Umweltschutz voll entspricht. 
Entgegen der herkömmlichen Gliederung des Stoffes nach Wirtspflanzen und Schad-
ursachen wird hier von einer breiten Allgemeindarstellung der Infektions- und 
Befallsabläufe sowie der Reaktion der Wirtspflanzen und einer Beschreibung der 
Krankheitserscheinungen ausgegangen, gefolgt von einer Einführung in die Popula-
tionsdynamik und Epidemiologie. Das letzte Kapitel ist den praktischen Maßnahmen 
des Pflanzenschutzes in hygienischer und therapeutischer Sicht gewidmet. Von der 
Pflanzenquarantäne bis zu den verschiedenen chemischen, physikalischen, biolo-
gischen, biochemischen und biotechnischen Verfahren und ihren Anwendungsbe-
reichen werden alle Möglichkeiten und Wirkungsweisen dargestellt. Das reichhaltige 
Werk wird damit ergänzt zu einem enzyklopädischen Lehrbuch des Pflanzenschutzes 
für alle, die sich in weitestem Sinne in Forschung und Lehre, in Studium und Praxis 
mit phytomedizinischen Fragen und Problemen beschäftigen. 
Günter M. Hoffman 
Franz Nienhaus 
Fritz Schönbeck 
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the development of the agricultural production (original research, 
papers drawn up on the basis of experiment and of the scientific 
literature and achievements of the foremost agricultural units) 
in the fields of economy and organization of the production, util-
ization of the stock of land, plant amelioration, agricultural technics, 
phytotechnics, plant protection, industrialization, mechanization. 
The original papers are accompanied by Russian, English and 
French summaries. 
The magazine contains also the Chronicles of certain important 
scientific events and conferences from Rumania a n d from abroad, 
and tire reviews of works published in various countries. 
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HISTORY OF AGRICULTURE 
H I S T O R Y O F A G R I C U L T U R E p rov ides t h e c h a n n e l of c o m m u n i c a t i o n for a 
w o r l d - w i d e n e t w o r k of people i n t e r e s t e d in e s t ab l i sh ing a n a g r i c u l t u r a l h i s t o r i o g r a p h y 
of a h i g h s t a n d a r d o f scholarsh ip . I t a i m s to i n t e g r a t e t h e r e sea rch of h i s t o r i a n s of 
a g r i c u l t u r e on a n i n t e r n a t i o n a l p l a n e a n d t h e r e b y t o c o n t r i b u t e t o w a r d s a b e t t e r 
u n d e r s t a n d i n g of t h e d e v e l o p m e n t of wor ld -w ide a g r i c u l t u r e . 
T h e j o u r n a l ' s f i e ld of i n t e r e s t e m b r a c e s all e p o c h s of a g r i c u l t u r e , all a spec t s 
of a g r i c u l t u r a l d e v e l o p m e n t and a c t i v i t y and a g r i c u l t u r a l i n s t i t u t i o n s i n t h e whole 
r a n g e of the i r c u l t u r a l , scient if ic a n d soc ia l i m p l i c a t i o n s . A u t h o r i t a t i v e a n d cons t ruc -
t i v e l y cr i t ical b o o k r e v i e w s of t h e m o s t i m p o r t a n t b o o k s in the f i e ld of a g r i c u l t u r a l 
h i s t o r y are also i n c l u d e d . 
H I S T O R Y O F A G R I C U L T U R E also pub l i shes i n f o r m a t i o n c o n c e r n i n g t h e m o s t 
i m p o r t a n t e v e n t s of i n t e r n a t i o n a l a g r i c o - h i s t o r i c a l a c t i v i t y . A special " N e w s a n d N o t e s " 
s e c t i o n i l l u m i n a t e s p r o j e c t s such a s t h e e s t a b l i s h m e n t of n e w m u s e u m s , ag r i co -h i s to r i ca l 
i n s t i t u t e s and s o c i e t i e s and the p r o c e e d i n g s of n a t i o n a l o r i n t e r n a t i o n a l c o n g r e s s e s , e t c . 
C o n t r i b u t i o n s of o r i g i n a l art icles w h o s e conclus ions h a v e b e e n r e a c h e d t h r o u g h a u s e 
of m e t h o d s , c r i t i c i s m a n d k n o w l e d g e of m o d e r n a g r i c o - h i s t o r i c a l r e s e a r c h a r e r e spec t -
f u l l y i nv i t ed . C o n t r i b u t o r s of m a i n a r t i c l e s will r ece ive t w e n t y - f i v e r e p r i n t s f r e e of cos t . 
P a r t i c u l a r s of t h e c o s t of a d d i t i o n a l r e p r i n t s , if r e q u i r e d , will be sen t b e f o r e p u b l i c a t i o n 
a n d o r d e r s for a d d i t i o n a l r ep r in t s s h o u l d be m a d e b y r e t u r n . 
T h e j o u r n a l is pub l i shed q u a r t e r l y in the t h i r d w e e k in F e b r u a r y , M a y , A u g u s t 
a n d N o v e m b e r . 
T h e s u b s c r i p t i o n r a t e is U . S . D o l l a r s 25.00 a y e a r in U.S .A. a n d C a n a d a a n d 
£ 1 0 . 0 0 in E u r o p e a n d elsewhere. 
M a n u s c r i p t s , r e v i e w copies o f b o o k s and s u b s c r i p t i o n o rde r s s h o u l d b e a d d r e s s e d 




If you're an agronomist, crop or soil scientist, plant physiologist, agricultural 
chemist, climatologist, or geneticist, read A G R O N O M Y JOURNAL. 
If you're interested in any of the aspects of crop and soil science, including 
crop physiology, breeding, production, management, fertility, and climatology 
read A G R O N O M Y JOURNAL. 
A G R O N O M Y J O U R N A L is the official publication of the American 
Society of Agronomy. Recent issues have included articles on yield-nutrient 
relations; the effects of herbicides, nutrients, and fertilizers on plant growth; 
environmental factors affecting plants and soils; soil water regimes, soil tem-
perature, irrigation, and drought stress; crop and range management; and notes 
on new technology, including computer programs and improved methods and 
equipment. 
A G R O N O M Y J O U R N A L keeps its readers informed on significant, new 
scientific advances. Keep up with the times. Read A G R O N O M Y JOURNAL. 
AGRONOMY JOURNAL. Issued six times per year, subscription rates are 
$22.00 per year ($4.00 per issue). Add $2.00 per volume or 50c per issue on 




City State Zip 
Send your order to: American Society of Agronomy, 677 S. Segoe Rd.. 
Madison, WI 53711. 
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Phy topathol ogische 
Zeitschrift Journal 
of Phytopathology 
Begründet von Prof. Dr. E . SCHAFFNIT 
Unter Mitwirkung von 
Prof. Dr. E . BALDACCI, Mailand/Dr. G. L. FARKAS, Szeged/ Prof. Dr. R. HEITEFUSS, 
Göttingen I Prof. Dr. N. HIRATSUKA, Tokyo/Prof. Dr. J. KOCHMAN, Warschau/ 
Oberreg.-Rat. i. R. Dr. E . KÖHLER, Braunschweig / Prof. Dr. MIREILLE MOREAU, 
Brest/Prof. Dr. V . R Y Z K O V , Moskau / Prof. Dr. T . S . SADASIVAN, Madras / Prof. 
Dr. E . C . STAKMAN, St. Paul / Prof. Dr. D. Símé, Belgrad 
Unter redaktioneller Mitarbeit von 
Dr. H. RABIEN, Bremerhaven 
herausgegeben von den Professoren 
J. Colhoun H. Kern H. Richter 
Manchester Zürich Berlin-Dahlem 
Die PHYTOPATHOLOGISCHE ZEITSCHRIFT ist das internationale Sammel-
organ für die wichtigsten Arbeiten auf dem Gebiet der Phytopathologie. Ihr besonde-
res Streben ist: knappe, klare Fassung der Ergebnisse, also Vermeidung jeder Weit-
schweifigkeit in der Darstellung. Die Veröffentlichungen erscheinen in deutscher, 
englischer, italienischer oder französischer Sprache mit deutschen und englischen 
Zusammenfassungen. Für alle auf phytopathologischem Gebiet tätigen Forscher 
und phytopathologischen Institute für Agrikulturchemie, für landwirtschaftliche 
Versuchs- und Forschungsstationen, Pflanzenzüchter, Pflanzenphysiologen und den 
Baumschulfachmann gibt die Zeitschrift wertvolle und unentbehrliche Anregungen. 
In unregelmäßigen Abständen erscheinen Beihefte unter dem Titel »Acta Phyto-
medica«. 
Erscheinungsweise: jährlich 12 Hefte, 4 Hefte bilden einen Band, jedes Heft umfaßt 
6 — 7 Druckbogen. Bezugspreis: je Band DM 224, —zzgl. Versandkosten. Das Abon-
nement verpflichtet zur Abnahme jeweils kompletter Bände. Einzelbezugspreis der 
Hefte außerhalb des Abonnements 10% teurer, also DM 61,60 
P A U L P A R E Y IN B E R L I N U N D H A M B U R G 
1 5 * 
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Landwirtschaftliches Zentra lb lat t 
Herausgegeben von der Akademie der Landwirtschaftswissenschaften der 
DDR, Institut für landwirtschaftliche Information und Dokumentation 
Abteilung I : Landtechnik 
Je Heft 170 Seiten — 1 4 , 8 x 2 1 cm — jährlich erscheinen 9 Hefte, 
je Heft 25, M (Sonderpreis für die D D R 20, M) 
Bestell-Nr. 1030/1 
Abteilung II: Pflanzliche Produktion 
Je Heft 250 Seiten — 1 4 , 8 x 2 1 cm — jährlich erscheinen 12 Hefte, 
je Heft 25, - M (Sonderpreis für die D D R 20, M) 
Bestell-Nr. 1030/11 
Abteilung III: TierzuchtjTierernährungjFischerei 
Je Heft 208 Seiten 1 4 , 8 x 2 1 cm jährlich erscheinen 12 Hefte, 
je Heft 25, M (Sonderpreis für die D D R 2 0 , - M) 
Bestell-Nr. 1030/III 
Abteilung IV: Veterinärmedizin 
Je Heft 208 Seiten 14,8 x 21 cm jährlich erscheinen 12 Hefte, 
je Heft 25, M (Sonderpreis für die D D R 2 0 , - M) 
Bestell-Nr. 1030/IV 
Jahresbezngspreis einschließlich Autoren- und Sachregister Abt. I 
1 8 0 , - M ; Abt. II IV je 240, M 
Einseitig bedruckte Ausgabe je Abteilung 29, M (Sonderpreis für 
die D D R 2 4 , - M) 
Im »Landwirtschaftlichen Zentralblatt« werden in erster Linie Referate von 
Originalarbeiten mit neuen Ergebnissen veröffentlicht. 
Darüber hinaus erscheinen Referate von Übersichtsarbeiten, Jahres- und 
Tagungsberichten und Monographien, Buchbesprechungen und bibliographi-
sche Angaben von Büchern ergänzen die Berichterstattung. Die Zeitschrift 
ist daher eine unentbehrliche Informationsquelle für alle auf dem Gebiet der 
Landwirtschaft und Veterinärmedizin tätigen Wissenschaftler und Praktiker. 
Sie ermöglicht einen Überblick über die Fülle der vorhandenen Fachliteratur 
und informiert gleichzeitig über spezielle Fachgebiete im Rahmen der Agrar-
wissenschaft, einschließlich Veterinärmedizin. 
Ihre Bestellungen richten Sie bi t te an eine Buchhandlung für fremdsprachige 
Literatur oder an den Postzeitungsvertrieb. 
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Beiträge für die Forstwirtschaft 
Uberleitungsorgan wissenschaftlicher Ergebnisse in die Praxis 
Herausgegeben vom Institut für Forstwissenschaften Eberswalde 
Je Heft 50 Seiten — mit Abb. — 21x29,7 cm jährlich erscheinen 
4 Hefte, je Heft 10,— M 
Bestell-Nr. 1088 
Die »Beiträge für die Forstwirtschaft« erscheinen mit wichtigen aktuellen 
Originalarbeiten für die Forstwissenschaft und Forstpraxis. Sie veröffentlichen 
ferner zusammenfassende Berichte, kurze Originalmitteilungen, Tagungs-
berichte, Buchbesprechungen und Referate zu wissenschaftlichen Arbeiten der 
DDR und des Auslandes. 
Sie wenden sich an Hoch- und Fachschulkader der Forstwirtschaft, der 
Wissenschaft und forstlichen Produktion des In- und Auslandes. 
Ihre Bestellungen richten Sie bitte an eine Buchhandlung für fremdsprachige 
Literatur oder an den Postzeitungsvertrieb. 
ß ) DDR-108 Berlin 1Я 
AKADEMIE-VERLAG 
Leipziger Straße 3 — 4 
42 
Biometrische Zeitschrift 
Zeitschrift für mathematische Methoden in den Biowissenschaften 
Herausgegeben am Zentralinstitut für Mathematik und Mechanik der Aka-
demie der Wissenschaften d e r D D R von E R N A WEBER 
Je Hef t 04 Seiten — mit Abb. 1 6 , 7 x 2 4 cm jährlich erscheinen 
8 Hefte , je Heft 20,— M (Sonderpreis für die DDR 16,50 M) 
Bestell-Nr. 1060 
Die Biometrische Zeitschrift se tzt sich zum Ziel, Beiträge zur mathematischen 
Durchdringung der biologischen Wissenschaften zu veröffentlichen. Es werden 
Arbeiten aufgenommen, die entweder neue theoretische Aspekte der Mathe-
matik bei der Anwendung in den biologischen Wissenschaften im weitesten 
Sinne (Biologie, Medizin, Land- und Forstwissenschaften) erkennen lassen oder 
die die Anwendung bekannter mathematischer und statistischer Verfahren 
auf neue Anwendungsgebiete darstellen. 
Hierbei handelt es sich um Methoden der mathematischen Statistik und Ver-
fahren der mathematisch-kybernetischen Modellierung biologischer Systeme 
unter Berücksichtigung der elektronischen Datenverarbeitung. 
Dabei finden vorwiegend folgende Gebiete Berücksichtigung: Parametrische 
und nichtparametrische Methoden der Statistik, wie Regressions-, Korrela-
tions- und Varianzanalyse, Faktorenanalyse, Diskriminanzanalyse und Klassi-
fikationsverfahren, Versuchsplanung, Stochastische Prozesse, Zeitreihen. 
Ferner werden Probleme der biologischen Systemanalyse behandelt (algorith-
mische Modelle zur Simulation, Anwendung der Automatentheorie, Spieltheorie 
Graphentheorie u. ä.). 
Ihre Bestellungen richten Sie bitte an eine Buchhandlung für fremdsprachige 
Literatur oder an den Postzeitungsvertrieb. 
AKADEM 1E-VE KLAG 
Leipziger Straße 3 — 4 
D D R - 1 0 8 B e r l i n 
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Euphytica 
Netherlands Journal of Plant Breeding 
Vol. 25 (1976) 
796 pages) contains 90 articles. Some are: 
Genetic analysis of protein content and grain weight of wheat, Repeatability 
of regression stability indexes for grain yield of oats, Origin of chickpea, 
Intergenotypic plant competition. Selection for mixed cropping, Identification 
of trisomies in diploid Solanum, Leaf rust resistance in barley, Heteromorphic 
sex chromosomes in spinach?, Juvenility in roses, Keeping quality in tulips, 
Evolution of rices, Seed fertility of Brassicaraphanus, Completely balanced 
polycross design, Kernel hardness and baking quality of wheat, Crossing wheat 
and rye, Breaking SI in Brassica, Plasmon types in peanut, Breeding for resis-
tance to coffee berry disease in coffee. 
Published three times a year, in annual volumes of about 800 pages. 
Subscription vol. 26 (1977) 85 guilders (about $ 34) a year. 
Vols. 2 ( 1953) —25 (1976) at 65 guilders per volume (about $ 25) + postage 
Vol. 1 (1952, reprinted) $ 12.50 + postage. 
Correspondence should be addressed to: 
The Managing Editor, Euphytica, 
c/o Institute of Plant Breeding (I.V.P.), 




3e Colloque européen et méditerranéen sur le 
contrôle de С alimentation des plantes cultivées 
Edited by P. K o z m a and D. Po lyák 
This volume contains the full t e x t of the 103 lectures submi t ted to the 
Conference, w i t h two summaries in languages other than t h a t in which 
the individual lectures were delivered — T h e lectures deal with the 
inorganic (macro and micro) nutrient supp ly , with the role of nutri-
ents in plant physiology and wi th the discussion of diagnostic methods 
which are used for the t ime being and w h i c h determine t h e state of 
nutrient supply. A great number of data are included on the chemical 
analysis of p lants , and on the use of these da ta in practice. 
In English, French, German, Italian, Russian and Spanish languages-
Approx. 800 pages • Cloth • ISBN 963 05 0562 2 
Akadémiai Kiadó 
Publishing H o u s e of the Hungarian Academy 
of Sciences • Budapest 
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AN AGRICULTURAL TYPOLOGY 
OF CALIFORNIA 
by H. F. Gregor 
Geography of World Agriculture 4) 
It is characteristic of California's agriculture that it turns out more t h a n 250 
kinds of produce. The Californien farms, richest in capi ta l in the U . S . A . , are 
highly specialized and there is also an important regional variety in t h e agri-
culture of this state, owing to its largely divergent geographical condit ions . 
The author analyzes in detail the e ight farm-types prevail ing in California, 
describes their geographical condit ions and system of production, as well as 
their socio-economic organization. F ina l ly , he gives a summary a b o u t the 
regional structure of and the changes in Californian agriculture. 
In Engl i sh • Approx. 80 pages • Cloth 
— I S B N 963 05 0174 0 
A K A D É M I A I K I A D Ó 
Publ ishing House of the Hungarian Academy of Sciences 




A growing journal quarterly publishing articles on 
All phases o f cereal research, especially current unsolved problems. For 
example, pas t issues contained discussions o f hybrid wheat a n d chemical 
vernalization. W e try to f o s t e r international cooperation. T h e Proceed-
ings of the Internat ional S y m p o s i u m on Pre-Harves t Sprout ing Damage 
in Cereals wi l l be published in this spirit. 
Editorial Board 
J . B O J A N O W S K I (Poland) 
N . E. B O R L A U G (Mexico) 
A . BOZZINI (I ta ly) 
K. K R I S T E V (Bulgaria) 
J. Mac K E Y (Sweden) 
R. A. M c I N T O S H (Australia) 
M. I. H A D J I N O V (USSR) 
G. KIMBER ( U S A ) 
M. OKAMOTO (GFR) 
T. T S U C H I Y A (USA) 
Á. KISS (Hungary ) 
Managing Editor 
Z. B A R A B Á S (Hungary) 
P lease send y o u r order to: 
Cereal Research Institute, P . O . B . 391. Szeged, Hungary 
A G R O K É M I A és T A L A J T A N 
Quarterly Journal of 
Soil Science, Agricultural Chemistry, Fertilization, 
Soil Biochemistry, Soil Microbiology and Plant 
Physiology 
Editor : I . Szabolcs 
Assistant editor: G. Várallyay 
Editorial Board: Z. Fekete , L. Gerei, B. Győrffy, A. Klimes-Szmik, I. Láng, 
I. Latkovics , J. Lőrincz , G. Pántos , J. Sarkadi, S. Sipos, 
P. Stefanovits , J. Szegi 
Published by the Research Institute for Soil Science and Agricultural 
Chemistry of the Hungarian Academy of Sciences, 1022 Budapest, 
Herman Ottó út 15 (1525 Budapest 114, P.O.B. 35), Hungary. 
AGROKÉMIA ÉS TALAJTAN publishes papers by eminent Hun-
garian and foreign scientists in Hungarian, the detailed summaries 
are translated into English, Russian and a third language, French, 
German, or Spanish. Special ííSupplementum''' volumes are published 
in English. The Journal is issued four times a year in annual 
volumes of about 700 illustrated pages. 
Distributors: K U L T U R A , H-1389 B U D A P E S T , P.O.B. 149. 
HETEROSIS ÍN PLANT BREEDING 
Proceedings of the Seventh Congress of Eucarpia 
Edited by A. Jdnossy and F.G.H. Lupton 
The Seventh Congress of Eucarpia, the European Association for Research 
in P lant Breeding, t o o k place in Budapes t from 24 — 29 June 1974. The subject 
of the Congress was Heterosis in Plant Breeding, and included rev iew papers 
and shorter communicat ions b y leading research workers f rom different 
countries all over Europe. These papers cover theoretical aspects of the 
problems of heterosis breeding in a wide range of self-poll inating and cross-
pol l inating crops, and analyses of the physiological basis of heterosis , together 
wi th examples of the practical application of heterosis in p lant breeding. 
Fol lowing the very high standards set hy previous congresses which had 
taken place regularly at three-yearly intervals in Wageningen, Cologne^ 
Paris, Lund, Milan and Cambridge, this volume of Proceedings provides an 
up-to-date and authoritat ive review on a subject of interest and importance 
to all plant breeders. It is a useful addition to an important series of publi-
cat ions. 
Papers in English • Approx. 320 pages • 17 X 25 cm • Cloth 
A co-edit ion — distributed in the socialist countries by K U L T U R A , Buda-
pest, I S B N 963 05 0678 5, in all other countries by E L S E V I E R , 
Amsterdam 
A K A D É M I A I K I A D Ó 
Budapest 
E L S E V I E R SCIENTIFIC 
P U B L I S H I N G CO. 
Amsterdam 
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LAND SUPPLY AND INTERNATIONAL 
SPECIALIZATION IN AGRICULTURE 
by N. Gsálci 
Geography of World Agriculture 3 
On the basis of the data from several countries around the g lobe 
representing various levels o f deve lopment and land s u p p l y — 
th i s s tudy analyses , and describes in mathemat ica l models, nu-
merous correlations in agricultural foreign trade; a t the same t i m e 
assistance is provided faci l i tat ing the recognition of regularities in 
international divisions of labour. 
I n English • Approx. 100 pages • Cloth — I S B N 963 05 0172 4 
A K A D É M I A I K I A D Ó 
Publishing H o u s e of the Hungarian 
A c a d e m y of Sciences 
Budapes t 

Printed in Hungary 
A kiadásér t felel az Akadémia i Kiadó i g a z g a t ó j a . Műszaki s ze rkesz t« : Botyánszky Pá l 
A kéz i ra t n y o m d á b a é rkeze t t : 1976. I X . 13. — Ter jede lem: 21 (A/5) ív, 50 ábra 
77.3592 A k a d é m i a i Nyomda , B u d a p e s t — Felelós vezető: B e r n á t György 

Die Acta Ágronomica veröffentlichen agrarwissenschaftliche Abhandlungen, besonders 
aus dem Bereich der landwirtschaftlichen Grundforschung, in englischer Sprache. 
Die Acta Agronomica erscheinen jährlich in einem Band (4 Hefte). 
Die zur Veröffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden: 
Acta Agronomica 
H-2462 Martonvásár, Postafiók 19. 
Abonnementspreis pro Band: $ 32.00 
Bestellbar bei dem Buch- und Zeitungs-Außenhandels-Unternehmen »Kultúra« (1389 
Budapest 62, Р. O. B. 149, Bankkonto Nr. 218-10-990) oder bei seinen Auslandsvertretungen 
und Kommissionären. 
Les Acta Agronomica publient des communication, en langue anglaise, dans le sujet 
de la science agricole, surtout du domaine des recherches fondamentales agronomiques. 
Les Acta Agronomica sont publiés sous forme de fascicules qui seront réunis en un 
volume par an. 
On est prié d'envoyer les manuscrits destinés à la rédaction à l'adresse suivante: 
Acta Agronomica 
H-2462 Martonvásár, Postafiók 19. 
Le prix de l'abonnement est de $ 32.00 par volume. 
On peut s'abonner à l'Entreprise pour le Commerce Extérieur de Livres et Journaux 
«Kultúra» (1389 Budapest 62, P. O. B. 149, Compte-courant No. 218-10-990) ou à l'étranger 
chez tous les représentants ou dépositaires. 
Acta Agronomica публикует статьи по аграрной тематике, главным образом тео-
ретические работы в области сельскохозяйственных основных наук. 
«Acta Agronomica» выходит выпусками, составляющими один том в год. 
Предназначенные для публикации рукописи следует направлять по адресу: 
Acta Agronomica 
H-2462 Martonvásár, Postafiók 19. 
Подписная цена — $ 32.00 за том. 
Заказы принимает предприятие по внешней торговле книг и газет «Kultúra» 
(1389 Budapest 62, Р. О. В. 149, Текущий счет № 218-10-990) или его заграничные предста-
вительства и уполномоченные. 
Reviews o f the H u n g a r i a n A c a d e m y o f Sciences a r e o b t a i n a b l e 
at t h e fo l lowing addresses: 
AUSTRALIA 
C.B.D. LIBRARY A N D SUBSCRIPTION SERVICE, 
Box 4886, G.P.O., Sydney N.S.W. 2001 
COSMOS BOOKSHOP, 145 Ackland Street, St. 
Kilda (Melbourne), Victoria 3182 
AUSTRIA 
GLOBUS, Höchstädtplatz 3, 1200 Wien XX 
BELGIUM 
OFFICE I N T E R N A T I O N A L DE L IBRAIRIE, 30 
Avenue Marnix, 1050 Bruxelles 
LIBRAIRIE DU M O N D E ENTIER, 162 Rue du 
Mid i , 1000 Bruxelles 
BULGARIA 
HEMUS, Bulvar Ruszki 6, Sofia 
CANADA 
PANNÓNIA BOOKS, P.O. Box 1017, Postal Sta-
t ion "B" , Toronto, Ontario M5T 2T8 
C H I N A 
CNPICOR, Periodical Department, P.O. Box 50, 
Peking 
CZECHOSLOVAKIA 
MAD'ARSKÁ K U L T U R A , Národni t f ida 22, 
115 66 Praha 
P N S DOVOZ TISKU, Vinohradská 46, Praha 2 
P N S DOVOZ TLACE, Bratislava 2 
DENMARK 
E J N A R MUNKSGAARD, Norregade 6, 1165 
Copenhagen 
F I N L A N D 
A K A T E E M I N E N KIRJAKAUPPA, P.O. Box 128, 
SF-00101 Helsinki 10 
FRANCE 
EUROPERIODIQUES S. A., 31 Avenue de Ver-
sailles, 78170 La Celle St. Cloud 
L IBRAIR IE LAVOISIER, I I rue Lavoisier, 75008 
Paris 
OFFICE INTERNATIONAL DE DOCUMENTA-
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МЕТОДИЧЕСКОЕ ИССЛЕДОВАНИЕ И Р Е З У Л Ь Т А Т Ы ПРОГНОЗА У Р О Ж А Я 
З Е Р Н О В Ы Х К У Л Ь Т У Р 
ДЬ. САЛАИ 
В интересах разработки метода прогноза урожая зерновых культур нами обра-
ботаны данные по компонентам урожая многочисленных колосьев. Между отдельными 
признаками и урожаем зерна были определены взаимоотношения. На основании данного 
метода выяснено, что для достоверного прогноза урожая недостаточны употреблявшиеся 
до сих пор компоненты урожая. Необходимо было создать новые параметры для разра-
ботки метода прогноза урожая. Поэтому в наших исследованиях стали использовать 
так называемую «общую длину колосьев», которая представляет собой произведение коли-
чества колосьев на м- и средней длины колосьев. В то же время нами определён вес зёрен 
на 1 см колоса, который получил название «удельный вес зерна колоса». Путём применения 
этих параметров, мы получили более достоверные результаты расчетов для прогноза 
урожая, которые уточнились ещё коррекцией, зависимой от количества колосьев на 1 м-' 
и от общей длины колосьев. Наконец, для практических целей, нами составлена таблица 
прогноза урожая . 
И Н Д У Ц И Р О В А Н Н Ы Е МУТАЦИИ В Р А Н Н И Е СТАДИИ ОНТОГЕНЕЗА У 
NIGELLA DAMASCENA L. 
ФАН ФАЙ, В. Ш. АНДРЕЕВ, Э. Ф. МЕЛЬКОНОВА 
Наги метод обработки гамет, зигот и проэмбрий с помощью химических и физических 
мутагенов по всем показателям превосходил обработку сухих семян. Обработка, приме-
ненная в ранней стадии онтогенеза, по сравнению с обработкой сухих семян, не только 
вызвала большую мутационную рату, но и расширила спектр мутаций. Было получено 
55 типов наследственных изменений, которые затрагивали структуру вегетативных и 
генеративных органов. Особенный интерес представляет собой мутационное изменение 
генеративных органов. Оптимальные дозы для данного объекта и метода обработки, кото-
рые вызывали высокую мутационную рату, (до 9 6 % семей с изменениями), следующие: 
ЭИ - 0,003% (16 часов), НМК - 0,005% и 0 ,008% (16 часов). Метод обработки сухих 
семян сказался намного менее эффективным и з а н я л второе место по всем показателям по 
сравнению с обработкой гамет, зигот и проэмбрий. 
С О Д Е Р Ж А Н И Е П И Т А Т Е Л Ь Н Ы Х ВЕЩЕСТВ ОСАДКОВ, П Р О Х О Д Я Щ И Х Ч Е Р Е З 
РАСТИТЕЛЬНЫЙ ПОКРОВ В ЭКОСИСТЕМЕ ДУБОВОГО ЛЕСА (QUERCETUM 
P E T R A E A E - C E R R I S ) 
М. САБО 
Нами исследовалось количество К, Ca, Na, Mg, Mn, Fe, S, N, Cl и P в атмосферных 
осадках, далее в воде, проникшей через листву и стекшей вниз по стволам, в одной клима-
зональной лесной экосистеме в Венгрии в течение одного года. Приведено количество 
минеральных веществ, по элементам, помесячно и суммарно за целый год, попадающих с 
водой из атмосферы на 1 га лесной почвы. Т а к ж е определены связи степенной функции 
между количеством воды, проникающей через листву и атмосферных осадков, и концен-
трацией в них элементов. 
Б И О П О Л И М Е Р Н Ы Е - М Е Т А Л Л С О Д Е Р Ж А Щ И Е К О М П Л Е К С Н Ы Е СИСТЕМЫ. I. 
ЭКСПЕРИМЕНТЫ ПО ПРИГОТОВЛЕНИЮ ТОРФЯНОГО ГУМУСА ВЫСОКОЙ 
ЧИСТОТЫ И ИХ МЕТАЛЛСОДЕРЖАЩИХ С О Е Д И Н Е Н И Й 
Б. ЛАКАТОШ, Й. МЕИСЕЛЬ, Г. МАДИ 
Были приготовлены, лишённые металла, чистые коричневые торфяно-гумидные 
кислоты путем экстрагирования разбавленным раствором гидрат-окиси-натрия или 
прифосфат-натрия, далее, с комбинированным применением ЭДТА и анион- и катион-
заменяющих смол при комнатной температуре. Удаление протеинов, полисахаридов и 
соединений типа фенол-карбоксильной кислоты производилось путем кипячения с кон-
центрированной серной кислотой. Получение системы ферментативного гумуса низкого 
молекулярного веса и гимато-мелановой кислоты осуществлялось микробиологическим 
путем. Фульвоновая кислота, полученная модифицированным методом Chalupa Rochus , 
была освобождена от металлических ионов осаждением в виде медных фульватов, и по-
следующей обработкой сульфидом аммония. Металлсодержащие гуматы и фульваты 
высокой чистоты были получены путем реакции между чисто-гумидными веществами и 
смолами типа карбоксильной кислоты, насыщенными металлическими ионами. Пригото-
вление гумпдных субстратов высокой чистоты и металлсодержащих гуматов позволяет 
определить физические и химические свойства фракций и также облегчает физиологи-
ческие эксперименты. 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 26 (3—4), pp. 217 — 229 (1977) 
METHODOLOGY AND RESULTS 
OF Y I E L D PREDICTIONS FOR CEREALS 
By 
G y . SZALAI 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E , K O M P O L T 
In order to f ind a proper method of yield prediction in cereals we have pro-
cessed long series of da ta on the yield components of cereals, and studied the relation 
of the different properties to grain yield. On this basis the components of yield so 
far used were found to be insufficient for a reliable yield estimation. We therefore 
established new parameters to be used in elaborating the method of yield prediction. 
Accordingly, the number of spikes per m2 multiplied by the average length of spike 
was employed as " to t a l spike l eng th" in our investigation. At the same time we 
determined the weight of grain per 1 cm of spike and called it "specific grain weight 
of spike". By using these parameters we obtained calculation results sufficient to 
predict the yield with, and made them even more accurate with a correction dependent 
on the number of spikes per m2 and the average length of spike. Finally we constructed 
yield estimation tables for the use of farmers. 
Introduction 
I n 1968 our I n s t i t u t e was r eques t ed to e labora te a reliable y ie ld estima-
t ion m e t h o d based on e x a c t analyses for the most i m p o r t a n t agr icul tura l crops. 
W i t h i n th is p rog ramme a method of predic t ing win te r wheat and w in t e r barley 
yields several weeks before m a t u r i n g wi th a m a x i m u m of 5 — 6 % error had 
to be evolved. 
The t radi t ional m e t h o d of crop es t imat ion is b a s e d on the de ta i led evalu-
a t ion of yield componen t s ( P O D Á N Y — S Z E K E R E S 1968, M I R Z I N S Z K I — P A V L I C I 
1964). B y establishing t h e numbers of spikes and spikelets per un i t area the 
a u t h o r s obtained the n u m b e r of g ra ins , but even so t h e deviat ions f rom the 
ac tua l yield were large (3 — 6 q/ha). 
B Á L I N T (1967) a n d B E R G E R (1970) also de t e rmined the number s of spikes 
and grains per uni t a rea , while o thers ( S V E T K A — K O R I C 1965, K O V Á T S — SVÁB 
1966, S A U L E S C U et a l . 1963) comple ted the examina t ions by po in t ing out 
correla t ions between yield componen t s and yield, analysing at t h e same 
t ime t h e interact ions of t h e different fac tors . The r e su l t s — though n o t always 
unambiguous — show t h a t the y ie ld components a re generally in negative 
corre la t ion with one a n o t h e r — e.g. n u m b e r of spikes per unit area a n d grain 
yield pe r spike, as well as n u m b e r of spikes per u n i t area and thousand-
grain-weight . 
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S V Á B ( 1 9 6 7 ) c a l l s a t t e n t i o n t o t h e i m p o r t a n c e of k e e p i n g t o a b i o l o g i c a l l y 
d e t e r m i n e d c h r o n o l o g i c a l o r d e r . N a m e l y , t h e c h a n g e of a y i e l d c o m p o n e n t 
i n f l u e n c e s o n e o r m o r e o t h e r y i e l d c o m p o n e n t s . O n t h e has i s o f p h y s i o l o g i c a l 
s t u d i e s a t t e n t i o n is a l so ca l l ed t o t h i s , q u i t e r i g h t l y , b y K Ü C H L E R ( 1 9 7 2 ) . 
H A N U S ( 1 9 6 9 ) e l a b o r a t e d a c r o p e s t i m a t i o n p r o c e d u r e b a s e d o n m e t e o r o -
l o g i c a l d a t a f o r c e r e a l s w h i c h h a s g i v e n f a v o u r a b l e r e s u l t s . H e r e w e m u s t 
t a k e i n t o c o n s i d e r a t i o n t h e f a c t t h a t h e c a r r i e d o u t h i s w o r k i n a b a l a n c e d 
o c e a n i c c l i m a t i c z o n e . A c c o r d i n g t o R I C O U R ( 1 9 6 8 ) a n d s o m e o t h e r a u t h o r s 
( J E H 1 9 6 5 , W I L L I A M S — R O B E R T S O N 1 9 6 5 , B A I E R — R O B E R T S O N 1 9 6 7 ) y i e l d 
e s t i m a t i o n s b a s e d e x c l u s i v e l y o n m e t e o r o l o g i c a l d a t a c a n n o t b e r e l i a b l e . I t is 
t o t h i s t h a t a t t e n t i o n is ca l led b y D E N I S O V ( 1 9 7 0 ) t o o , w h o p o i n t s o u t t h a t in 
t h e w e s t e r n r e g i o n o f t h e S o v i e t U n i o n t h e w i n t e r c e r e a l s u n d e r g o g r e a t c h a n g e s 
d u r i n g v e g e t a t i o n . 
T h e S o v i e t r e s e a r c h w o r k e r U L A N O V A ( 1 9 6 5 a n d 1 9 6 6 ) t a k e s i n t o a c c o u n t 
t h e p r e c i p i t a t i o n c o n d i t i o n s w h e n c o n c l u d i n g o n t h e p r o s p e c t i v e y i e l d f r o m 
t h e n u m b e r of s p r i n g s h o o t s a n d t h e m o i s t u r e c o n t e n t of t h e s o i l . 
I n o u r w o r k w e s t a r t e d f r o m t h e r e l a t i o n s h i p b e t w e e n y i e l d c o m p o n e n t s 
a n d y i e l d . I t is o n t h i s w o r k a n d t h e r e s u l t s a t t a i n e d t h a t w e w i s h t o g ive 
a b r i e f r e p o r t in t h i s p a p e r . 
M a t e r i a l and M e t h o d 
The classic formula for the yield prediction of a growing crop is 
a • b • с • d 
X =
 1000 
where x is the g/m2 yield, a the number of spikes per m2, b the number of spikeletsper spike, 
с the number of grains per spikelet, and d is the thousand-grain-weight. 
The complete processing of large numbers of spikes is a highly time-consuming opera-
tion which causes difficulties in the producing farms. Besides, the possibility of error is high, 
because 1 — 2 grains missed per spike result in a 3—6% difference. A still more important 
factor of unreliability is the possible deviat ion of thousand-grain-weight f r om the average. 
A 1 g difference increases the error by 2 .5%. Furthermore, we had to provide for the relatively 
easy adaptat ion of the prospective method . 
As a first step, we determined the extent of differences resulting f rom the change 
in thousand-grain-weight. The available da ta showed t h a t the change in thousand-grain-
weight alone may have caused a 10 to 2 0 % error of prediction (Table 1). We thus drew the 
conclusion that even the precise determinat ion of grain number per unit area would not 
necessarily lead to reliable results. 
In later studies we determined the plant parts and yield components which might 
possibly be related to the grain yield. All important winter wheat and winter barley varieties 
grown in Hungary were included in the examination: the winter wheat varieties Bezostaya 1, 
Fertődi 293, Mironovskaya 808 and Libellula, and the winter barley varieties Lédeci Béta 
and Iforpácsi kétsoros. For the examinations 50 0.25 m2 samples of each variety were collected 
f rom three different production regions of Hungary. Thus the calculations for any region 
contain in a single year data on several thousand spikes. In this paper the examination 
results for four years (1969—1972) are presented. 
The sampling area was marked ou t with a circular border, or according to rows. 
Marking out was carried out mechanically a t random. Samples were collected in the days 
following full ripeness and the spike zone was reaped. By this plant parts (spikes and the 
upper par ts of the stalks) up to 25—35 cm below the average level of the spike t ips are under-
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Table 1 
Trend of thousand-grain-weight (g) in three winter wheat varieties 
at the Kompolt Station of the National Agricultural Variety 
Testing Institute 
W h e a t varieties 
Year 
Bezos taya 1 Fertödi 293 M i r o n o v s k a y a 808 
1963 38.5 38.5 44.6 
1964 36.5 32.4 31.0 
1965 41.8 36.6 41.4 
1966 46.8 42.4 49.0 
1967 45.6 46.4 47.8 
1968 38.1 38.0 37.6 
6-year average 41.2 39.0 41.9 
stood. The second growth grain yield — according to our measurements — amounts to 80 
kg/ha in winter wheat and 120 kg/ha in winter barley. This amoun t is more or less equal to 
losses occurring during transportat ion and storage and can thus be left out of consideration, 
being not more than 2—3% of the total volume. The harvesting of the spike zone is relatively 
easy. The material of a row 1 running metre in length can be grasped and cut off in four or 
five fistfuls. The following measurements were made on the samples harvested: 
weight of total material on the model a rea in g, weight of unthreshed spikes on the 
model area in g, number of spikes, average length of spikes in cm, weight of grain yield from 
threshed samples in g, thousand-grain-weight in g, and height of plants in cm (only in 
two years). 
The following values were calculated f rom these data: 
grain yield per spike in g, number of grains per spike, grain number per 1 m of spike, 
grain yield per 1 m of spike in g, that is, the specific grain weight of the spike, to ta l length 
of spike (number of spikes x average length of spike), grain yield as a percentage of t he total 
weight of the sample, and grain yield as a percentage of the unthreshed spikes. 
The da ta were arranged in tables (Tables 2 and 3). In addit ion to a statist ical com-
parison the two-variable linear regression equa t ion was used to determine the closeness of 
the correlations and the extent of modification of the dependent variable. At the same time 
we calculated the determination coefficient to show the percentage influence of t he given 
factor on the yield. 
The regression formula is: 
y = a + bx, 
where x is the independent variable (in the present case the measured or calculated data) 
and y is the dependent variable (here the grain yield of the model area). 
Fur ther , we studied the interactions of yield components in detail. We carr ied out 
23 correlation analyses for each lot, and controlled the reliability of the results by discrimina-
tory calculations. The data of four years were processed by computers . 
Results 
The t o t a l weight of t h e sample ( sp ike with 20 — 30 cm of straw) a n d the 
weight of un th reshed , r ipe spikes s h o w e d a very close correlation w i t h the 
amoun t of yield and t h u s seemed to be uti l izable. T h e problem, on t h e o ther 
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h a n d , was t h a t a n y es t imat ion method based on the weight of t h e spike cou ld 
only be e m p l o y e d af ter the m a t u r a t i o n of cerea ls . 
Plant h e i g h t and grain yield — wi th in t h e same v a r i e t y — were f o u n d 
t o be in loose correlat ion (0.2 — 0.3) in the f i r s t two years, t he re fo re these d a t a 
were no longer recorded. Tn ou r opinion t h i s parameter c a n n o t be used in 
yield predic t ion . 
The spike number showed medium or close correlation wi th the g r a i n 
yield and could thus be t a k e n in to account when predic t ing the yield. T h e 
average value of the correla t ion coefficient is 0.8, tha t is, it determines t h e 
a m o u n t of y ie ld wi th 64% re l iabi l i ty . This v a l u e did not s a t i s f y us, so we t r i e d 
t o obtain m o r e reliable d a t a . 
The yield per spike for samples col lected from d i f f e ren t plots showed 
considerable differences, d e p e n d i n g first of all upon the l e n g t h of the sp ike . 
T h e same was f o u n d when ind iv idua l spikes were compared . Therefore, we 
h a d to f ind a p a r a m e t e r which equalized t h e different size spikes . With t h i s 
in view we mul t ip l i ed the n u m b e r of spikes b y t h e i r average l e n g t h and o b t a i n e d 
t h e amount of t h e generative p a r t (spike) of t h e plant expressed in a un i t of 
l inear measure . This p a r a m e t e r was given t h e name " t o t a l spike l e n g t h " . 
The t o t a l spike length w a s in very close correlation w i t h t h e grain y i e l d ; 
t h e value of r r eached , or even exceeded, 0.9, so we considered th is p a r a m e t e r 
t o he uti l izable in yield p red ic t ion . The cor re la t ion was l inea r , as shown b y 
Figs 1 and 2. On the basis of f o u r years' d a t a t h e following regression v a l u e s 
were ob ta ined: 
g r a i n y ie ld g / m 2  






 i 1 1 1 1 1 . 1 1 1 T ; I— l 1 1 1 1 1 I I I ' 1 
1400 1 600 1 800 2 000 2 200 2 400 2 600 2 800 3 000 3 200 3 400 3 600 
t o t a l s p i k e l e n g t h c m / m 2 
Fig. 1. Correlation between total spike length and grain yield in Bezostaya 1 winter whea t , 
by actual calculation and by regression analysis (Kompolt, 1972, n = 50) 
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grain yield g /m 2 
total spike length c m / m 2 
Fig. 2. Correlation between total spike length and grain yield in Lédeci Béta winter b a r l e y 
by actual calculation and by regression analysis (Kompolt, 1972, n 50) 
Table 2 
Yield components of the winter wheat variety Bezoslaya 1 as a plot average 
(50 sampling areas) in 1969 
Designat ion Unit 
Site of e x p e r i m e n t 
Kápo lna K á p o l n a Nagyút 
Spike number/m2 317 310 148 








Thousand-grain-weight g 42.47 41.16 41.05 








Average spike length cm 6.73 6.78 6.88 
Total spike length m/m2 21.33 21.01 10.18 
Number of grains per 1 in 
of spike 
number 425 378 466 
Grain weight per 1 m of 
spike 
g 18.05 15.56 19.15 
Percentage grain weight to 
spike weight 
0/ 
/ 0 74.68 76.93 76.73 
Percentage grain weight to 
the total weight of 
the sample 
0 
/ 0 67.34 64.90 64.47 
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Table 3 
Yield components of the winter barley veriety 
Lédeci Béta as a plot average (59 sampling areas) 
in 1969 
Site o f e x p e r i m e n t 
D e s i g n a t i o n U n i t 
N a g y ú t Nagyút N a g y ú t K á p o l n a 
Spike n u m b e r / m 2 157 199 171 175 
Grain yield per spike g 









Thousand-grain-weight g 48.80 46.59 47.12 43.65 
Grain yield per m 2 g 









Average spike length cin 5.94 5.63 5.82 5.13 
Total spike length m / m 2 9.33 11.20 9.96 8.98 
Grain number per 1 m of 
spike 
n u m b e r 584 617 586 563 
Grain weight per 1 m of 
spike 
g 28.51 28.75 27.63 24.60 
Percentage grain weight to 
spike weight 
о/ /0 83.07 83.88 82.72 82.37 
Percentage grain weight to 
total weight of the 
sample 
/0 73.71 74.89 74.34 73.74 
for w i n t e r wheat B e z o s t a y a 1 
a = 74.75 
6 = 0.119 
r = 0 .86 
By subs t i t u t i ng the и a n d h values in the regression formula we o b t a i n 
the prospec t ive yield. Fo r example on an area where t h e number of sp ikes 
is 400/m2 , average length of spikes 7 cm a n d the to ta l sp ike length 2800 cm 
the following result will b e obta ined: 
y = 74.75 -+ 0.119 X2800 = 407.96 g /m 2 = 40.8 q / h a 
For w i n t e r barley t h e rules are more or less the s a m e as for winter w h e a t . 
The r va lue of to ta l spike l e n g t h and grain yield was 0 .79- 0.92 within a y e a r , 
and 0.84 on t h e average of several years. 
In o rder t o control t h e reliability of t o t a l spike l e n g t h we calcula ted the 
confidence l imi ts , which g a v e a sa t i s fac tory result. In t h e range where m o s t 
of the cases are found th i s me thod of e s t ima t ion resu l t ed in a possible error 
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of 90 —120 kg/ha. T h e same resu l t was obta ined when analys ing da ta bo th 
of a single year a n d of several y e a r s . As an example we present here the da ta 
ob t a ined for Bezos t aya 1 in the K o m p o l t distr ict in 1972 and on t h e average 
of f o u r years (Tables 4 and 5; Figs 3 and 4. The u n i t for the conf idence limits 
is g/m2) . The resul ts obta ined for w i n t e r barley a re similar, and t h e confidence 
l imi ts are even lower . The conf idence value of t h e prospective yield was also 
ca lcu la ted for b o t h t y p e s of p l a n t on the basis of t h e number of spikes; in 
th i s case the n u m b e r of spikes p e r un i t area was regarded as an independen t 
va r iab le . The va lue obta ined for t h e confidence l imi ts with this m e t h o d for a 
single year was 3 0 — 1 0 0 % higher t h a n when us ing the to ta l spike length in 
t h e calculation. 
Table 4 
Confidence values for correlation between total spike 
length and grain yield in the winter wheat variety Bezostaya 1 
(Kompolt, 1972, n = 50) 
C o n f i d e n c e l imits 
X - x Y i b y i 
upper lower 
1 3 4 8 . 8 0 - 2 5 7 0 . 8 2 = 1 2 2 2 . 0 2 2 2 5 . 3 2 ± 1 8 . 9 9 2 4 4 . 3 1 2 0 6 . 3 3 
1 9 5 9 . 8 1 - 2 5 7 0 . 8 2 6 1 1 . 0 1 2 9 7 . 8 3 ± 1 2 . 4 4 3 1 0 . 2 7 2 8 5 . 3 9 
2 5 7 0 . 8 2 - 2 5 7 0 . 8 2 = — 0 . 0 0 3 7 0 . 3 0 ± 1 0 . 1 5 3 8 0 . 4 5 3 6 0 . 1 5 
3 1 7 2 . 7 1 - 2 5 7 0 . 8 2 = + 6 0 1 . 8 9 4 1 1 . 6 8 ± 1 2 . 4 4 4 5 4 . 1 2 4 2 9 . 2 4 
2 7 7 4 . 6 0 - 2 5 7 0 . 8 2 = + 1 2 0 3 . 7 8 5 1 3 . 0 7 ± 1 7 . 5 9 5 3 0 . 6 6 4 9 5 . 4 8 
4 3 7 6 . 4 9 - 2 5 7 0 . 8 2 = + 1 8 0 5 . 6 7 5 8 4 . 4 5 ± 2 4 . 8 8 6 0 9 . 3 3 5 5 9 . 5 7 
4 9 7 8 . 4 0 - 2 5 7 0 . 8 2 = + 2 4 0 7 . 5 8 6 5 5 . 8 4 ± 3 2 . 1 2 6 8 7 . 9 6 6 2 3 . 7 2 
Table 5 
Confidence values for correlation between total spike length and grain yield in 
Bezostaya 1 winter wheat (National data 1969 1 972, n = 650) 
x , - x Y i h y i 
C o n f i d e n c e l imits 
upper lower 
4 2 0 . 0 0 - 2 4 6 1 . 9 7 = - 2 0 4 1 . 9 7 1 2 4 . 7 3 ± 1 7 . 2 9 1 4 2 . 0 2 1 0 7 . 4 4 
1 3 4 8 . 3 3 - 2 4 6 1 . 9 7 = - 1 1 1 3 . 6 4 2 3 5 . 2 0 ± 1 2 . 2 9 2 4 7 . 4 9 2 2 2 . 9 1 
2 2 7 6 . 6 6 - 2 4 6 1 . 9 7 = - 1 8 5 . 3 1 3 4 5 . 6 7 ± 9 . 4 9 3 5 5 . 1 6 3 3 6 . 1 8 
2 4 6 1 . 9 7 - 2 4 6 1 . 9 7 = 0 . 0 0 3 6 7 . 7 2 ± 9 . 4 1 3 7 7 . 1 3 3 5 8 . 3 1 
3 3 9 0 . 3 0 - 2 4 6 1 . 9 7 = + 9 2 8 . 3 3 4 7 8 . 2 0 ± 1 1 . 4 9 4 8 9 . 6 9 4 6 6 . 7 1 
4 3 1 8 . 6 3 - 2 4 6 1 . 9 7 = + 1 8 5 6 . 6 6 5 8 8 . 6 7 ± 1 6 . 1 9 6 0 4 . 8 6 5 7 2 . 4 8 
5 9 9 0 . 0 0 - 2 4 6 1 . 9 7 = + 3 5 2 8 . 0 3 7 8 7 . 5 6 ± 2 6 . 7 7 8 1 4 . 3 3 7 5 9 . 7 9 
1* Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
2 2 4 G Y . S Z A L A I 
g r a i n y ie ld g / m 2 
t o t a l sp i ke l e n g t h c m / m 2 
Fig. 3. Confidence limits for correlation betAveeii total spike length and grain yield in Bezo-
staya 1 winter wheat (Kompolt, 1972, n = 50) 
t o t a l spike l e n g t h c m / m 2 
Fig. 4. Confidence limits for correlation between total spike length and grain yield in Bezo-
staya 1 winter wheat (National data 1969—1972, n = 650) 
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Table 6 
Grain weights dependent on spike length for Bezostaya 1 
winter wheat in 1968 
S p i k e l e n g t h , 
e m 
S p i k e 





per 1 cm, 
S 
3.1—4 2 0.74 0.18 
4.1 — 5 19 0.52 0.10 
5.1 — 6 179 0.69 0.11 
6 . 1 - 7 430 0.89 0.13 
7 . 1 - 8 323 1.10 0.14 
8.1 — 9 46 1.30 0.14 
9 . 1 - 1 0 1 1.78 0.18 
Discr iminat ion a n d pa th ana lyses — carried ou t b y János S v á b , a bio-
me t ry specialist — also demons t r a t ed unambiguous ly t h a t to ta l sp ike length 
is the p a r a m e t e r t h a t shows the closest correlation w i t h the yield, undergoes 
the same changes, and gives reliable resu l t s when appl ied in yield predic t ion . 
In our work , however, wi th the s a m e va lue of t o t a l spike length we found 
the yield of spikes of d i f fe ren t length t o show a devia t ion of several % . A larger 
yield is produced , for example , by 375 spikes each 8 cm in length t h a n b y 500 
spikes 6 cm long, a l t h o u g h the to t a l spike length is t h e same (30 m) in both 
cases. There fore in o rder t o reduce t h e possibil i ty of er ror we analysed in detail 
the modi f i ca t ion of t h e to ta l spike l eng th . To t h a t end we ca lcula ted the 
yield for 1 cm of spike (this must n o t he confused wi th the compac tness of 
the spike which shows t h e closeness of t h e spikelets), which was la rger in the 
f i rs t case t h a n in the second (within a va r ie ty ) . There were distinct differences 
be tween t h e varieties (Bezostaya 1 : 0.15 g/cm, Fe r tod i 293 : 0 .13 g/cm, 
Lédeci B é t a winter b a r l e y : 0.27 g /cm). This p a r a m e t e r was given t h e name 
"specif ic grain weight of t h e spike" a n d changes occurr ing in it were s tudied 
in detail (Table 6). According to t h e resu l t s of our examina t ions th i s pa ram-
eter changes not only w i th the length of the spike b u t also with t h e n u m b e r 
of spikes pe r unit a r ea . The change shows a posi t ive direction in t h e f i rs t , 
and a nega t ive direct ion in the second case. We m u s t emphasize t h a t these 
changes were small a n d could only be demons t r a t ed b y improving t h e relia-
bili ty. 
Our small plot exper iments c o n f i r m e d the s tab i l i ty of the specif ic grain 
weight, wh ich is f avourab le from the p o i n t of view of yield prediction b u t also 
shows t h e regular i ty of t h e changes. T o s t u d y the changes in yield componen t s 
under d i f f e ren t ecological conditions we set up a t r ia l w i th three var ie t i es of 
winter w h e a t and win te r barley. Sowing was carried ou t 20 days ear l ie r and 
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Table 7 
Changes in the specific grain iveight of Bezostaya 1 winter wheat spikes with 
respect to crop year — sowing time — grain yield 
S o w i n g 
t i m e 
A m o u n t 
of gra in 
1970 1971 1972 Dif ference f r o m 1970 
Average 
g / c m 
Difference from I I / 2 
grain yield g / c m 1971 1972 g / c m % 
I. l 0.007 0.132 0.165 +0.125 + 0.158 0.101 - 0 . 0 4 8 - 3 2 
2 0.070 0.132 0.160 + 0.062 +0.090 0.121 - 0 . 0 2 8 - 1 9 
3 0.105 0.127 0.150 +0.040 +0.063 0.127 0.028 - 1 9 
II. 1 0.150 0.150 0.162 +0.000 +0.012 0.154 +0.005 + 3 
2 0.152 0.147 0.150 - 0 . 0 0 5 - 0 . 0 0 2 0.149 +0.000 0 
3 0.145 0.137 0.142 - 0 . 0 0 8 0.003 0.141 - 0 . 0 0 8 - 5 
I I I . 1 0.125 0.175 0.135 +0.050 +0.010 0.145 0.004 - 3 
2 0.147 0.165 0.132 + 0.018 - 0 . 0 1 5 0.148 - 0 . 0 0 1 - 1 
3 0.150 0.150 0.135 +0.000 - 0 . 0 1 5 0.145 — 0.004 - 3 
S D ± 1 0 % 0.037 0.037 
l a t e r than the o p t i m u m time of sowing, and 3 3 % more and less germs were 
u s e d compared t o t h e o p t i m u m n u m b e r of ge rms . The specif ic grain weight 
of t h e spike p r o v e d to be p rac t ica l ly unchanged , on ly the early sowing — which 
is n o t used in p r ac t i c e — resul ted in some di f ference . The specific grain weights 
of Bezostaya 1 a re given in Tab le 7. Compared t o the o p t i m u m germ n u m b e r 
a n d sowing t i m e , in the o the r t r e a t m e n t s (wi th the except ion of the plot 
sown at the s a m e t ime with a reduced n u m b e r of germs) t h e specific grain 
we igh t was only a few per cent lower on a t h r ee -yea r average. All this conf i rms 
t h e correctness of t h e processing resul ts for samples obtained f r o m the produc-
ing farms. 
We s tud ied t h e re la t ionship between t h e number of grains per un i t 
l e n g t h of spike a n d the thousand-gra in -weigh t . B y excluding all other fac to rs 
we obtained an unambiguous ly negat ive medium-close or close correlat ion. 
Th i s is na tura l because the l a rge r the n u m b e r of fertil ized f lowers in a spike 
of given length, t h e smaller t h e a m o u n t of n u t r i e n t available for the develop-
m e n t of one g ra in . Thus the t w o criteria compensa te one ano the r to some 
e x t e n t . Under f avourab le condi t ions of pol l ina t ion the value of the thousand-
grain-weight will be lower, while in the oppos i te case it will he higher. This 
c a n be accepted as a regular t e n d e n c y , which shows t h a t t h e weight of grains 
p e r 1 cm of sp ike is a more c o n s t a n t value t h a n the n u m b e r of grains for t h e 
s a m e unit . E v e n t h e value of t h e thousand-gra in-weight shows a lower f luc tu -
a t i on than th i s p r o p e r t y . 
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Discussion 
The e labora t ion of a y ie ld est imation m e t h o d was n o t a by-produc t 
of o t h e r examina t ions , as is the case in the w o r k of most a u t h o r s listed in 
t h e in t roduc t ion of t h i s paper , b u t was the ma in object ive of our work. Taking 
this in to cons idera t ion it is easy t o unders tand t h a t the me thodo logy is ra ther 
new and neglects a n y other ob jec t ive . Tha t is w h y we left t h e spikelets, for 
example , comple te ly out of considerat ion. Th i s fac tor would increase bo th 
t h e labour in t ens i ty of the yield es t imat ion w o r k and the possibi l i ty of error . 
This s t andpoin t — while biologically unaccep tab le — is jus t i f i ed b y the objec-
t ive of our work. 
Dividing t h e spike into 1 cm section a n d mul t ip ly ing t h e number of 
spikes per uni t a rea b y their ave rage length m a y be considered as a rb i t r a ry , 
b u t in the present case it has se rved our pu rpose well. To a p p l y the specific 
gra in weight of t h e spike and discover how it t e n d e d to change was of crucial 
impor t ance if a n y progress was t o he made. 
Calculations m a d e for each dis t r ic t every y e a r involved several repet i t ions 
a n d t h u s acted as a good control . The values o b t a i n e d agreed in pract ice b o t h 
w i th each other a n d with the resu l t s of a series of da ta r u n n i n g over several 
yea r s (550 — 650 sampl ing areas of 0.25 m2 each) and can t h u s he accepted 
as reliable. 
We cannot , however , r e g a r d our results as anyth ing f ina l . The highly 
changeable w e a t h e r conditions in Hungary m a y cause surprises , and in cer-
t a i n years the t housand-g ra in -we igh t may s h a r p l y decrease. This could make 
t h e me thod less re l iable . Therefore we must con t inue to s tudy t h e correlations 
be tween meteorological factors a n d thousand-gra in-weight , a n d to disclose 
t h e phenomena occasional ly caus ing a sharp decrease in thousand-gra in-weight . 
In th i s way we shall he able to i m p r o v e the re l iabi l i ty of our resul t s b y complet-
ing t h e m with t h e resul ts of examina t ions into meteorological f ac to r s . 
As seen in t h e discussion of t h e results t h e height of t h e p lan t did no t 
seem utilizable in predic t ing t h e yield. The low values obta ined b y us for t h e 
correla t ion be tween yield and p l a n t height con t rad ic t t h e resu l t s of o ther 
a u t h o r s . According t o inves t igat ions by BALLA (1968) higher p l an t s are more 
p roduc t ive . We m u s t note, howeve r , t ha t Ba l l a ' s exper iments were m a d e 
w i th crossing progenies , while we worked wi th mater ia l collected in f a rms , 
t h a t is, with genet ica l ly homogeneous plants . U n d e r farm condi t ions the dif-
ference can be exp la ined by t h e high va r i ab i l i ty of the ecological factors . 
Conclusion 
The results ob t a ined by v a r i o u s kinds of m a t h e m a t i c a l calculat ion were 
f o u n d to be su i tab le for prac t ica l use. Our a im was to e labora te t h e simplest 
possible method of yield predic t ion for the use of f a rmers . W i t h th i s in view wc 
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Table 8 
q/ha grain yield in the case of different spike number and length of spike. 
IVinter wheats Bezostaya, Rannaya 
Average length 
N u m b e r of spikes ver m 2 
of spike, cm 
3 0 0 350 4 0 0 450 500 550 6 0 0 
5.0 22.5 25.8 28.8 31.8 34.6 37.2 39.7 
5.2 23.4 26.9 30.0 33.1 36.0 38.8 41.4 
5.4 24.4 27.9 31.2 34.4 37.5 40.3 43.1 
5.6 25.3 29.0 32.5 35.8 38.9 41.9 44.7 
5.8 26.3 30.0 33.7 37.1 40.4 43.4 46.4 
6.0 27.2 31.1 34.9 38.4 41.8 45.0 48.1 
6.2 28.2 32.2 36.1 39.8 43.3 46.6 49.8 
6.4 29.2 33.3 37.4 41.2 44.8 48.2 51.5 
6.6 30.1 34.5 38.6 42.5 46.2 49.8 53.2 
6.8 31.1 35.6 39.9 43.9 47.7 51.4 54.9 
7.0 32.1 36.7 41.1 45.3 49.2 53.0 56.6 
7.2 33.1 37.8 42.3 46.7 50.7 54.6 58.3 
7.4 34.0 38.9 43.6 48.0 52.2 56.2 60.0 
7.6 35.0 40.0 44.8 49.4 53.7 57.9 61.8 
7.8 35.9 41.1 46.1 50.7 55.2 59.2 63.5 
8.0 36.9 42.2 47.3 52.1 56.7 61.1 65.2 
8.2 37.9 43.3 48.6 53.5 58.2 62.7 66.9 
8.4 38.9 44.5 49.9 54.9 59.7 64.4 68.7 
8.6 39.9 45.6 51.1 56.3 61.3 66.0 70.4 
8.8 40.9 46.8 52.4 57.7 62.8 67.7 72.2 
9.0 41.9 47.9 53.7 59.1 64.3 69.3 73.9 
cons t ruc t ed a t ab le for each var ie ty on the basis of t o t a l spike l eng th and spe-
cific grain weight of t h e spike. At t h e head of the t a b l e the n u m b e r of spikes 
per un i t area is given, in the f i r s t column the average length of t h e spike, 
and a t t h e point of intersect ion of t h e two da ta t h e yields per ha . I n es t imat-
ing t h e yield only the n u m b e r of spikes per m2 and t he i r average l e n g t h have 
t o be establ ished. On th i s basis t h e s t and ing crop can be read f r o m t h e table 
(Table 8). Besides i ts simplicity a f u r t h e r a d v a n t a g e of the m e t h o d is its 
su i tab i l i ty for i m m e d i a t e appl ica t ion a f t e r heading, t h a t is 4—5 weeks before 
ha rves t ing . 
When cons t ruc t ing the tables Ave took into considerat ion as a correction 
t h e change in the specif ic grain weight of the spike as a func t ion of t h e average 
spike length and n u m b e r of spikes pe r uni t area. 
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The m e t h o d was wide ly tested b y pract ical f a r m e r s , and m a n y of t hem 
sent r epo r t s on their experiences . Opin ions on the m e t h o d and on t h e tables 
publ ished as aids to e s t ima t ion were general ly high. T h e tables h a v e been 
widely appl ied and have resul ted in less t h a n 6 % error, while in m a n y f a r m s the 
devia t ion was not more t h a n 2 — 4 % . 
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I N D U C E D MUTATIONS A T EARLY STAGES 
OF ONTOGENESIS IN N I G E L L A DAMASCENA L. 
By 
P H A N P H A I , V . S . A N D R E E V , E . F . M E L K O N O V A 
I N S T I T U T E OF D E V E L O P M E N T A L BIOLOGY, A C A D E M Y OF S C I E N C E S , MOSCOW 
Our method of t rea t ing gametes, zygotes and proembryos with chemical and 
physical mutagens is by all criteria superior to that of t reat ing dry seeds. T rea tmen t 
applied a t early stages of ontogenesis not only induced a higher mutation ra t io as 
compared with dry seeds bu t also gave a broader mutation spectrum. Fifthy-five types 
of hereditary changes were obtained affecting the structure of vegetat ive and generative 
organs. Mutations changing the structure of the generative organs are of par t icular 
interest. The optimum doses for the given object and method of treatment, which 
induces a high mutation rat io (up to 96% of families with changes), are EI — 0.003% 
(16 hr), and NMU - 0.005% and 0.008% (16 hr). The method of treating dry seeds 
turned out to be much less effective, being second to the t r ea tment of gametes, zygotes 
and proembryos by all the criteria employed. 
I n t r o d u c t i o n 
T h e e f f e c t o f c h e m i c a l a n d p h y s i c a l m u t a g e n s on t h e g r o w t h a n d d e v e l o p -
m e n t of M t p l a n t s w a s s h o w n ( P H A N P H A I 1 9 7 1 a , b , P H A N P H A I — A N D R E E V 
1 9 7 6 ) . T h e p r e s e n t c o m m u n i c a t i o n dea l s w i t h d a t a o n t h e m u t a t i o n r a t i o i n 
M 2 a f t e r t h e t r e a t m e n t of e a r l y s t a g e s o f e m b r v o g e n e s i s . 
T h e s p e c i f i c f e a t u r e s o f t h e p l a n t d e v e l o p m e n t a l s t a g e a t w h i c h m u t a -
g e n s w e r e a p p l i e d r e s u l t e d i n a s i g n i f i c a n t i n c r e a s e in t h e i n d u c e d m u t a t i o n 
r a t i o , a n d o n t h e o t h e r h a n d m a d e i t p o s s i b l e t o o b t a i n p e c u l i a r m u t a n t s 
w h i c h d id n o t a p p e a r a f t e r t h e t r e a t m e n t o f d r y s e e d s . 
Mater ia l s and M e t h o d s 
Nigella damascena L. (Ranunculaceae) was used. It has 6 pairs of chromosomes which 
are well distinguished morphologically. 
The following mutagens were studied: X-irradiat ion (Xr), ethylenimine (EI), nitrozo-
methylurea (NMU), diethylsulphate (DES) and tr imethylphosphate (TMP). Mutagens were 
applied to air-dried seeds, gametes, zygotes and embryos at early developmental stages 
(Table 1). Chemical mutagens were applied immediately after pollination, X-irradiation was 
carried out 4 hours after pollination ( P H A N P H A I — A N D R E E V 1 9 7 6 ) . 
Seeds f rom changed and unchanged plants of M, were sown in families to obtain M2. 
F i f ty families were sown in each variant , 50 seeds in each family. The total number of 
families studied in M2 was 1 8 0 0 , the number of M2 p lants was 8 3 0 0 3 . One hundred families, 
with 50 seeds in each, were sown for the control. 
The muta t ion ratio was determined from the percentage of families with muta t ions 
and the percentage of mutant plants . 
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Table 1 
Mutation ratio in M2 of Nigella damascena L. after treatment of gametes. 
zygotes, proembryos and air-dried seeds with mutagens 
Material 




E x p o -





Ratio o f f a m i l i e s 
with m u t a t i o n s 
(%) 
1 2 3 4 5 6 7 
Control (1) 
- — 













1.93 ± 0.28 
1.51 ± 0.36 
5.21 ± 0.44 
2.21 ± 0.30 
38.0 ± 6.86 
40.0 ± 6.92 
58.0 ± 6.97 
46.0 ± 7.04 
Average 3.21 ± 0.17 45.30 ± 7.04 
E thy len-
imine 
E I , 
E E 
E I , 
E I 4 
E I , 
EI„ 
E I . 
E I , 



















2.87 J- 0.33 
4.13 t 0.40 
7.61 ± 0.54 
8.35 ± 0.57 
9.63 4- 0.61 
11.84 ± 0.67 
18.55 4- 0.82 
6.48 ± 0.52 
6.12 ± 0.51 
56.0 ± 7.01 
70.0 ± 6.47 
72.0 4_ 4.50 
78.0 ± 5.85 
86.0 ± 4.90 
94.0 ± 3.35 
96.0 ± 2.77 
56.0 ± 7.01 










N M U , 
N M U 3 
N M U 4 
N M U 5 
N M U 6 


















2.23 ± 0.30 
2.58 ± 0.31 
4.36 ± 0.41 
5.27 + 0.45 
6.31 ± 0.50 
8.76 4- 0.58 
10.33 ± 0.63 
4.87 ± 0.44 
46.0 ± 7.04 
46.0 ± 7.04 
52.0 ± 7.06 
60.0 ± 6.92 
72.0 ± 6.34 
82,0 ± 5.43 
8.0 ± 4.59 
44.0 ± 7.01 





















1.88 ± 0.27 
2.79 ± 0.33 
3.28 ± 0.36 
5.91 ± 0.48 
7.32 ± 0.52 
7.38 ± 0.54 
44.0 ± 7.01 
40.0 ± 6.92 
50.0 ± 7.07 
60.0 ± 6.92 
60.0 ± 6.92 
66.0 ± 6.69 




p h a t e 
T M P , 








3.13 ± 0.34 
7.21 ± 0.53 
5.27 ± 0.47 
38.0 ± 6.86 
70.0 ± 6.47 
50.0 ± 7.07 
Average 5.15 ± 0.26 52.66 ± 7.06 
Acta Agronomica Acaderniae Scientiarum Hungaricae 26, 1977 
I N D U C E D MUTATIONS I N N ' I G E L L A D A M A S C E N A L. 2 3 3 






X r , = D S L 




2.03 ± 0.29 
1.25 ± 0.25 
28.0 ± 6.02 
16.0 ± 5.18 




EI = DSJ 
E I = D S 5 









3.50 ± 0.38 
9.03 ± 0.60 
6.71 ± 0.54 
2.65 ± 0.36 
32.0 ± 6 . 5 8 
46.0 ± 7.04 
44.0 ± 7.01 
26.0 ± 6.20 
Average 4.12 ± 0.21 37.0 ± 6.83 
(1) Normal seed buds without t r ea tmen t . 
Results 
As Tab le 1 ind ica tes , the o f f sp r ing of plants t r e a t e d with m u t a g e n s at 
early deve lopmenta l s t ages showed twice as m a n y m u t a t i o n s as a f t e r the 
t r e a t m e n t of dry seeds (both accord ing to mean v a l u e s obta ined wi th all 
doses of a given m u t a g e n and acco rd ing to the m a x i m u m m u t a t i o n ratio). 
I t is in te res t ing t h a t t h e muta t ion r a t i o was almost e q u a l after t h e applica-
t ion of e i ther chemical or physical m u t a g e n s . The average ratio of families 
wi th m u t a t i o n s af ter t h e X- i r rad ia t ion and E l - t r e a t m e n t of gametes , zygotes 
and p r o e m b r y o s was 4 5 . 5 0 % and 7 2 . 2 2 % , and when d r y seeds were t rea ted 
t h e r a t i o was 22.0% a n d 37.0% respect ive ly . 
These data also show that chemica l mutagens a re more e f fec t ive than 
physica l ones in all exper iments . Accord ing to the i r abi l i ty to i n d u c e muta-
t ions in M „ the m u t a g e n s used in o u r exper iments can be a r r a n g e d in the 
fol lowing sequence: E I > NMU > T M P > DES > X r . This sequence does 
not d e p e n d on the m e t h o d of r eg i s t r a t ion . 
T r e a t m e n t wi th chemical m u t a g e n s applied a t ear ly stages of embryo-
genesis resul ted in a h igh muta t ion ra t io in M2. T h e highest va r i ab i l i t y was 
observed for E I , = 96.0 ± 2.77% a n d NMU, - 88.0 ± 4.59%, i .e . a change 
was revea led in a lmos t every f a m i l y . 
A f t e r E I t r e a t m e n t of dry seeds , mutat ions w e r e revealed in less than 
half of all the famil ies studied ( E I - D S 4 - 46.0 ± 7 .04%). 
A m o n g the exper imen ta l v a r i a n t s with X- i r r ad ia t ion , the i r r ad ia t ion of 
zygotes a n d p roembryos with a dose of 900 r t u r n e d o u t to be t h e m o s t effec-
t ive . T h e percentage of families w i t h muta t ions a f t e r X r 3 w a s 5 8 . 0 ^ 6 . 9 7 % . 
W i t h t h e increase of t h e dose to 1200 r the m u t a t i o n rat io decreased (Xr4 — 
46.0 ^ 7 .04%). A f t e r t h e i r rad ia t ion of dry seeds t h e m a x i m u m ratio of 
famil ies wi th m u t a t i o n s only 2 8 % ( X r - D S j — 28.0 ± 6.02%). 
An analysis of t h e l i terature shows tha t in m o s t cases chlorophyl l muta-
t ions a re not related t o large ch romosome aber ra t ions , but are d u e to point 
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muta t ions or mic roaber ra t ions ( G U S T A F S S O N 1938, В ы х т 1961, G O S T I M S K Y 
1966, 1971). There fore the p ropor t ion of ch lorophyl l m u t a t i o n s can to some 
ex ten t serve as a measure of t h e mutagen ' s ab i l i t y to induce po in t mu ta t ions . 
The inves t iga t ion of t h e chlorophyll m u t a t i o n rat io showed t ha t t h e 
highest value was observed w h e n chemical m u t a g e n s were applied at e a r l y 
stages of ontogenesis . The m a x i m u m n u m b e r of families w i t h chlorophyll 
m u t a t i o n s was induced by E I ( E I , - 24.0 ± 6.04%) and N M U (NMU, -
20.0 + 5 .65%). W i t h increased doses some t e n d e n c y t o w a r d s a drop in t h e 
r a t io was obse rved (EI9 and N M U 8 - 8.0 ± 3 .82%). 
When d r y seeds were t r e a t e d not only were less fami l ies with chloro-
phyl l defects obse rved but also the i r propor t ion compared to t h e total n u m b e r 
of all m u t a t i o n s decreased. T h u s , after t h e E I t r e a t m e n t of proembryos, 
chlorophyll m u t a t i o n s in some var ian ts (EI 0 a n d EI,) compr i sed 1/4 of all 
muta t ions , while a f t e r the E I t r e a t m e n t of d r y seeds the i r proport ion d id 
n o t exceed 1 5 % . The same t e n d e n c y v a s o b se rv ed after X- i r rad ia t ion . 
Among t h e chemical m u t a g e n s used w i t h gametes, zygotes and pro-
embryos , TMP i nduced the smal les t number of chlorophyll m u t a t i o n s (13.22 + 
6 .59%). Thus an inverse re la t ionsh ip be tween the abili ty of mutagens t o 
induce chromosome aberra t ions ( P H A N PHAI- — A N D R E E V 1976) a n d the chloro-
phyl l mu ta t i on r a t io was obse rved . 
Ten types of chlorophyll m u t a t i o n were f o u n d after the e f f ec t of chemical 
m u t a g e n s at ea r ly stages of ontogenesis : a lb ina , viridis, ch lo r ina , virescens, 
x a n t h a , xantha-v i rescens , va r io -mic romacu la ta , ye l low-var iegated , brown and 
b lackening p l an t s . Mutagens induc ing more chlorophyl l de fec t s also tu rned 
o u t to induce t h e widest m u t a t i o n spectrum ( E I and NMU). Of the chemical 
m u t a g e n s the na r rowes t s p e c t r u m of chlorophyll muta t ions was induced b y 
T M P (it was a lmos t on the s a m e level as t h a t a f t e r X- i r rad ia t ion) . 
Specific dif ferences in t h e occurrence of certain t ypes of chlorophyll 
m u t a t i o n s induced b y various m u t a g e n s are of g rea t interest . A f t e r 1ÍI t r ea t -
m e n t a reliable increase of t h e mu ta t i on " c h l o r i n a " was obse rved , whereas 
in NMU expe r imen t s a high p e a k for the m u t a t i o n " x a n t h a " was recorded. 
Only a f t e r an appropr ia t e genetic analys is can it be sa id whether a 
prevai l ing m u t a t i o n of certain loci or a phenotyp ica l ly similar realization of 
m u t a t i o n s of d i f f e r en t genes was involved. 
The effect of chemical a n d physical m u t a g e n s on gametes , zygotes and 
p roembryos also induced , besides chlorophyll m u t a t i o n s , 45 t y p e s of inorpho-
physiological c h a n g e . Four of t h e s e are concerned w i t h the co ty ledons (tricoty-
ledonous , r o u n d e d and elongated cotyledonous a n d with a c h a n g e d arrange-
m e n t of the co ty ledons) ; 3 t y p e s affect the l eaves (small, ha i r l ike , changed 
f i r s t and second leaves); 11 t y p e s affect the p l a n t habi tus (wi th fasciated 
s t e m , weakly b r anch ing , s t rongly branching, w i t h short in te rnodes , with th in 
s t e m , with long in ternodes , w e a k l y developed, dwarf , fu l l -grown); 3 types 
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Fig. 1. Normal flower of Nigella damascena L. 
» 
Fig. 2. Mutants of the generative organs af ter the t reatment of gametes, zygotes and pro-
embryos with different mutagens 
affect the p ink coloura t ion (pink leaves and s tem, brown, b lack) ; 17 types 
affect the flowers ( long or short s t a m e n s and s t igmas , elongated o v a r y , t rans-
fo rma t ion of spa the leaf le ts into pe ta l s or follicles wi th open ovules , with 
t r ans fo rma t ion of pe ta l s into leaf lets (Fig. 2), double-f lowering (Fig . 3), with 
increased n u m b e r of nectar ies (Fig. 4), with t r a n s f o r m a t i o n of s t a m e n s into 
leaf lets wi th open ovules (Fig. 5), w i t h t r a n s f o r m a t i o n of various f lower ele-
m e n t s or all of t h e m in to leaves, e t c . ; 4 types a f fec t the holls (smal l , large, 
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Fig. 3. Mutants of the generative organs after the t r ea tment of gametes, zygotes and pro-
embryos wi th different mutagens 
Fig. 4. Mutants of the generative organs after the t r ea tment of gametes, zygotes and pro-
embryos wi th different mutagens 
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Fig. 5. Mutants of the generative organs after the t rea tment of gametes, zygotes and pro-
embryos with different mutagens 
changed , chimeric colouration of the bolls); 3 types affect t h e colouration of 
t h e seeds (white-black, b rown and yellow). 
Chemical mutagens i n d u c e d the b r o a d e s t spec t rum of mu tan t s ; a n 
increase in the n u m b e r of va r ious muta t ion t y p e s under t h e effect of alkaliz-
ing compounds be ing accompanied by an increase in the r a t i o of fertile t y p e s 
of m u t a n t . The broadest s p e c t r u m of morphophys io logica l changes w a s 
ob ta ined in M2 a f t e r the E I t r e a t m e n t of gametes , zygotes a n d proembryos 
(43 types) . NMU had the second largest n u m b e r of types of morphophys io log-
ical change (37 types) , whereas D E S and T M P were s ign i f ican t ly less p o t e n t 
(27 and 21 t y p e s respectively) . Af te r X- i r rad ia t ion the s p e c t r u m of morpho -
physiological changes was n a r r o w e r (18 t ypes ) . 
The na r rowes t spectrum of morphophysiological changes was ob ta ined 
a f t e r the t r e a t m e n t of dry seeds (only 13 t y p e s after E I t r e a t m e n t and 8 
t y p e s af ter i r radia t ion) . No m u t a t i o n affect ing t h e s t ruc ture of the generat ive 
organs was observed in any of t h e exper iments on dry seeds . 
In m a n y cases several m u t a t i o n s were ob t a ined in M2 w i t h i n one f a m i l y . 
T h e number of families wi th mult iple changes increased w i t h the increase 
(up to a cer ta in l imit) of t h e m u t a g e n dose. I t was grea tes t a f t e r the t r e a t -
m e n t of gametes , zygotes a n d proembryos w i t h E I (EI7 — 37.50 T: 6 .99%) 
a n d NMU (NMU, — 29.54 ± 6 .88%). After t h e t r e a t m e n t of dry seeds t h e 
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propor t ion of families w i th mul t ip le changes was s ign i f ican t ly lower (Xr— DS t  
- 1 4 . 2 8 ± 9 . 3 5 % ) . 
Recen t ly several a u t h o r s have f o u n d a positive cor re la t ion b e t w e e n the 
number of chromosome abe r ra t ions and t h e depression of plant g rowth and 
deve lopment ( C A L D E C O T T 1 9 6 1 , K H V O S T O V A 1 9 6 5 , K H V O S T O V A — E L S H U N I 
1 9 6 6 ) . 
Our d a t a show t h a t t h e growth, deve lopment and fer t i l i ty of M„ p l an t s 
are corre la ted with the n u m b e r of chromosome abe r r a t i ons in e m b r y o cells 
and the radic le meris tem. However , t h e m u t a t i o n ra t io in M„ is not d i rec t ly 
propor t ional t o tha t in M, . Var iants o b t a i n e d at high m u t a g e n doses which 
induced a s t rong d i s tu rbance of the chromosome s t r u c t u r e in the e m b r y o 
cells and g rea t ly delayed t h e growth a n d development of M, plants showed 
a low pe rcen tage of m u t a t i o n s in M2. A decrease in t h e number of famil ies 
wi th mul t ip le muta t ions a n d la te m u t a t i o n s was also obse rved in these v a r i a n t s . 
The analysis of t h e m u t a t i o n ra t io in M9 induced a f t e r the t r e a t m e n t 
of zygotes, proembryos a n d d ry seeds w i t h different m u t a g e n s showed b y all 
recording m e t h o d s t h a t chemica l m u t a g e n s were super io r to physical ones. 
This conclusion agrees well wi th the ev idence obta ined h y other a u t h o r s on 
other ob jec t s ( E H R E N B E R G et al. 1 9 6 1 , E I G E S 1 9 6 5 , S E M I N VOITOVICH 1 9 6 5 ) . 
I t is well known t h a t chromosome aberrat ions a n d visible m u t a t i o n s 
are two t y p e s of changes which can occur i ndependen t ly . To o b t a i n more 
viable m u t a t i o n s it is necessa ry to decrease the n u m b e r of large chromosome 
J о 
aber ra t ions responsible fo r t h e d i s tu rbance of genie b a l a n c e and cell dea th . 
The grea t number of point m u t a t i o n s induced b y chemical m u t a g e n s 
seems to be concerned w i t h their g rea te r abili ty to i n d u c e relat ively " s o f t " 
changes of different loci. T h e r e are some da t a concerning greater se lec t iv i ty 
of their e f fec t on sepa ra te loci. I t is also known t h a t chemical m u t a g e n s 
induce less common and m o r e varied m u t a t i o n s , which m a y also be connec ted 
with the t o t a l increase in t h e mu ta t i on ra t io ( E H R E N B E R G 1 9 6 0 , K H V O S T O V A 
et al. 1 9 6 5 , R A P P A P O R T 1 9 7 1 ) . 
W h e n comparing t h e chlorphyll m u t a t i o n ratio wi t l i the rat io of o ther 
morphophysiological m u t a t i o n s ob ta ined in our expe r imen t s , it was found 
t h a t the cont r ibut ion of chlorophyll m u t a t i o n s to the overa l l m u t a b i l i t y was 
higher a f t e r t r e a t m e n t a t ear ly stages of ontogenesis. 
Morphophysiological mu ta t i ons i n d u c e d by chemica l mutagens seem to 
he less concerned with chromosome abe r ra t ions than t h o s e induced b y i r radia-
t ion. This seems to a c c o u n t for the f a c t t h a t more fe r t i l e m u t a t i o n s were 
observed a f t e r t r e a t m e n t w i t h chemical mu tagens t h a n a f t e r i r rad ia t ion . 
Our m e t h o d of t r e a t i n g gametes, zygotes and p r o e m b r y o s with chemical 
and physica l mutagens is b y all criteria superior to t h a t of t rea t ing d r y seeds. 
T rea tmen t applied at ea r ly stages of ontogenesis no t o n l y induced a higher 
mu ta t i on r a t i o as compared with dry seeds but also g a v e a broader m u t a t i o n 
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s p e c t r u m . F i f ty - f ive t ypes of h e r e d i t a r y changes were obtained, a f fec t ing the 
s t r u c t u r e of vege ta t ive and genera t ive organs. Muta t ions changing t h e s t ruc ture 
of t h e generative o rgans are of pa r t i cu la r in te res t . F u r t h e r inves t iga t ions of 
t h e developmenta l genet ics of these muta t ions will con t r ibu te to t h e solution 
of a n u m b e r of theore t i ca l ( s tudy of the origin of t h e flower and of some of 
i ts s t ruc tu res in Angiospermae) a n d practical p rob l ems . Nigella damascena L. 
can be used as a m o d e l for s tudy ing t h e possible increase in seed p roduc t iv i t y 
in b isexual p lants . 
I t is impor t an t t o increase t h e available s p e c t r u m of m u t a t i o n s , because 
it enables a s tudy t o be made of t h e s t ructure of a charac te r ; i.e. it permits 
a de te rmina t ion of t h e number of genes responsible for the deve lopmen t of 
t h e charac ter s t u d i e d , the sequence of their f u n c t i o n in ontogenesis , and 
peculiar i t ies of the in te rac t ion of t he se genes. A knowledge of the f ine s t ruc ture 
of a character will p e r m i t the cons t ruc t ion of o rgan i sms wi th desirable char-
ac t e r s and proper t ies . 
Our data show t h a t the m e t h o d of t r ea t ing gametes , zygotes and pro-
e m b r y o s is very e f fec t ive in induc ing muta t ions . T h e op t imum dose for the 
g iven object and m e t h o d of t r e a t m e n t , which induces a high m u t a t i o n ratio 
(up t o 9 6 % of fami l ies with changes) is E I 0 . 0 0 3 % (16 hr), a n d NMU 
0 . 0 0 5 % and 0 .008% (16 hr). The me thod of t r e a t i n g dry seeds t u r n e d out 
t o be much less e f fec t ive , being second to the t r e a t m e n t of gametes , zygotes 
a n d proembryos b y all the cr i ter ia employed. 
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N U T R I E N T CONTENT OF T H R O U G H F A L L 
A N D STEMFLOW WATER I N AN OAK-FOREST 
(QUERCETUM PETRAEAE-CERRIS) ECOSYSTEM 
By 
M . SZABÓ 
B O T A N I C A L I N S T I T U T E O F K O S S U T H L A J O S U N I V E R S I T Y , D E B R E C E N 
The quantities of K, Ca, Na, Mg, Zn, Fe, S, N, Cl and P contained in the 
atmospheric precipitation, as well as in throughfal l and stemflow water, were studied 
for a year in a forest ecosystem of the Hungar ian climatic zone. The monthly and 
annual quanti t ies of each element reaching the ground with the precipitation water 
over one hectare of forest were determined. The power funct ion relations between 
the quanti t ies and element concentrations of throughfall water and atmospheric 
precipitation were established. 
Introduction 
In an oak-fores t (Quercetum petraeae-cerris) of a c l imat ic zone h igh ly 
character is t ic of t h e Hunga r i an regions complex research w o r k is in progress 
within the f r a m e w o r k of t h e MAB-programme ( "S ík főkú t P ro jec t " , see 
J A K U C S 1 9 7 3 ) , which includes inves t igat ions into the w a t e r and mine ra l 
cycle of fores ts . Our invest igat ions are concerned with t h a t sect ion of the w a t e r 
circulation in t h e ecosystem in which the r a inwa te r passes th rough va r ious 
layers of t h e fo res t before reaching the g r o u n d (SZABÓ 1 9 7 5 ) . 
For some t e n years increased a t t en t ion h a s been paid all over the wor ld 
to inves t iga t ions on the a m o u n t of nu t r i en t s introduced w i th the prec ip i ta -
t ion into va r ious ecosystems, and on the m i n e r a l content of th roughfa l l w a t e r 
( M A D G W I C K — O V I N G T O N 1 9 5 9 , M I N A 1 9 6 5 , C A R L I S L E et al. 1 9 6 6 , COLE et al. 
1 9 6 7 , O v i N G T O N 1 9 6 8 , B A P P 1 9 6 9 , D E N A E Y E R - D E S M E T 1 9 6 9 , U L R I C H et al. 
1971, K O Z Á K M É S Z Á R O S 1971a, 1971b, B E I N E R S 1972, G U B A R E V A 1973, e tc . ) . 
I t has been demons t r a t ed t h a t t h e water a n d mineral c i rcula t ions of fo re s t 
ecosystems are always closely related ( B O R M A N N — L I K E N S 1967, P O M E R O Y 
1970). 
The prec ip i ta t ion wate r reaches the g r o u n d of the fo r e s t enriched to a 
greater or lesser extent wi th nu t r ien t s o b t a i n e d by wash ing off the d u s t 
deposited on t h e leaves, b ranches and t r u n k s , a n d by leaching t h e b ioe lement 
content of l iv ing plant t issues ( T A M M 1 9 5 8 , S T E N L I D 1 9 5 8 , T U K E Y 1 9 7 0 ) . 
Although t h e larger p a r t of the nu t r i en t s is re turned t o t h e soil t h r o u g h 
t h e decomposi t ion of forest l i t t e r , the r a i n w a t e r falling t h r o u g h the fol iage 
and running d o w n the t r u n k s is never theless of great i m p o r t a n c e p r imar i ly 
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in r e t u r n i n g t h e p o t a s s i u m : s o m e 50 p e r c e n t of t h e a m o u n t t a k e n u p is 
r e t u r n e d t o t h e soil i n t h i s w a y e v e r y y e a r ( D U V I G N E A U D et al. 1 9 7 1 , N E B E 
1973) . A p a r t f r o m p o t a s s i u m , a c o n s i d e r a b l e p r o p o r t i o n o f t h e m a g n e s i u m is 
r e t u r n e d t o t h e soil w i t h t h e r a i n w a t e r . 
T h e p r e s e n t p a p e r g i v e s t h e s u m m a r i z e d r e s u l t s o f a o n e - y e a r i n v e s t i g a -
t i o n i n t o t h e t o t a l a m o u n t of n u t r i e n t r e a c h i n g t h e g r o u n d w i t h t h e r a i n -
w a t e r i n t h e f o r e s t u n d e r e x a m i n a t i o n . F o r d e t a i l s o f t h e a n n u a l t r e n d of 
b i o e l e m e n t c o n t e n t in t h r o u g h f a l l w a t e r a l o n e , see S Z A B Ó — C S O R T O S ( 1 9 7 5 ) . 
H e r e d e t a i l e d a n a l y s i s d a t a of t h e s t e m f l o w w a t e r a r e p r e s e n t e d . T h i s w a t e r 
r e p r e s e n t s o n l y a s m a l l p r o p o r t i o n (0 — 5 . 5 p e r c e n t ) o f t h e t o t a l a m o u n t of 
r a i n w a t e r r e a c h i n g t h e so i l ( S Z A B Ó 1 9 7 5 ) , y e t i t s a n a l y s i s s h o u l d n o t b e n e g -
l e c t e d , b e c a u s e w a t e r r e a c h i n g t h e g r o u n d i n t h i s w a y is u s u a l l y c o n s i d e r a b l y 
e n r i c h e d w i t h m i n e r a l s u b s t a n c e s a n d m a y h a v e a g r e a t i n f l u e n c e o n t h e 
w a t e r a n d n u t r i e n t c o n t e n t of t h e soil w i t h i n a r a d i u s o f 0 . 5 m f r o m t h e t r e e 
( V O I G T 1 9 6 0 , M I N A 1 9 6 7 , D E N A E Y E R - D E S M E T 1 9 6 9 , W I T K A M P 1 9 7 1 , S I M O N 
1974) . 
M a t e r i a l a n d M e t h o d 
The investigations were carried out in a 65 — 70 year old, homogeneous, second-growth 
mixed oak- turkey oak forest in hilly country where the Central Mountains of Northern 
Hungary give way to the Great Hungarian Plain. In the tree s t r a tum of the forest stand 
Quercus petraea is the dominant species (84 per cent) mixed with Quercus cerris (16 per cent). 
The degree of closeness of the foliage is 80 per cent, the average height 17.3 m, and the 
average t runk diameter 20 cm. The hectare examined contained 816 trees. The forest has a 
well developed shrub s t ra tum with large quanti t ies of Cornus mas, Acer campestre, A. tatari-
cum, Ligustrum vulgare, etc. For a detailed analysis of the structure, surroundings and climate 
of the forest examined, see the papers of J A K U C S (1973) and J A K U C S et al. (1975). 
Samples were generally taken every two weeks, sometimes every week between 27th 
February and 4th December 1974, on a total of 23 occasions. For the annual t rend of pre-
cipitation reaching the forest ground (canopy throughfall and stemflow water) and of inter-
ception see S Z A B Ó (1975). 
Atmospheric precipitation was caught in polyester troughs, each with a collection 
surface of 2000 cm2 fixed on the top of a tower reaching beyond the foliage, and canopy 
throughfall was collected in similar troughs a t tached to stands 1 m in height placed on the 
forest ground, over a quarter of a hectare of the model area marked out for this purpose. 
The water was collected in black plastic cans. Canopy throughfall was studied in four com-
binations (under Quercus petraea, Qu. cerris, Qu. petraea + Cornus mas and Qu. petraea + Acer 
campestre) and 1 4 replications ( S Z A B Ó — C S O R T O S 1 9 7 5 ) . To collect stemflow water poly-
urethane rings were fixed to the trunks at a height of 130 cm in 2 combinations (Qu. petraea 
and Qu. cerris) and 14 replications. The use of polyurethane foam for catching precipitation 
running down the trunk was reported by L I K E N S - - E A T O N ( 1 9 7 0 ) . The water, here too, was 
collected in black plastic cans. 
I t is known that nitrogen and phosphorus contained in the water are readily incorpo-
rated into microorganisms. To prevent this, we poured thymol into the collecting cans after 
each sampling. According to our observations the thymol method is less elaborate t h a n the 
preventive iodine t reatment used by H E R O N (1962) and gives reliable results. 
For the monthly determination 500 ml samples of well homogenized rain water were 
used, which were kept in a refrigerator until they were required for the analysis. As water 
samples were taken more f requent ly than once a month, the samples were mixed propor-
tionately to the amounts collected and the mixed samples were analysed for K, Na, Ca, Mg, 
Zn, Fe, Mn, S 0 4 - S , P 0 4 — P , N 0 3 - N , Kjeldahl-N and CI. 
The cations were determined with a UNICAM SP 1900-type atom-absorption spectro-
photometer at the Insti tute of Inorganic Chemistry of the Kossuth University, Debrecen. 
Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 , 
T H R O U G H F A L L A N D S T E M F L O W W A T E R 2 4 3 
The organic nitrogen was measured by the Kjeldahl method. After destruction, the 
N H j content of the sample was distilled in a modified Parnass—Wagner apparatus into a 
2 per cent solution of H 3 B0 3 and acidimetrically measured. 
The phosphorus forms contained in the water samples were first transformed into 
ortho-phosphate by Kjeldahl destruction, then, after adding molybdate-sulphuric acid reagent, 
they were photometrically measured at a wavelength of 665 nm. 
Nitrate and sulphate were also determined by colorimetry. In an acidic medium the 
N0 3 - ions give a yellow colour with Na-salicylate; the colour intensity was measured at 
420 nm. Sulphate determination was carried out in the following way: the S04-ions were 
precipitated with a known quanti ty of BaCl2 solution, then the surplus Ba was measured 
wi th the aid of a K2Cr04 solution a t 400 nm. 
Chloride determination was performed with an OP-C1-7112-D type chloride-selective 
electrode using a pH-meter . 
Results 
The quan t i t i e s of the 11 e lements examined in the a tmospher i c pre-
c ip i ta t ion as well as in the c a n o p y th roughfa l l and s t emf low water were 
ana lysed using samples , then averaged for each combina t ion ; subsequen t ly 
we worked wi th these mean va lues . Wc ca lcula ted a so-called enr ichment 
f a c t o r for each e lement , which expressed how m a n y t imes t h e concent ra t ion 
of t h e element in the th roughfa l l and s t emf low waters increased compared 
t o t h a t in the a tmospher ic p rec ip i ta t ion . Since t h e annua l t r e n d of the mineral 
c o n t e n t of c anopy throughfal l was published earl ier in detail ( S Z A B Ó - C S O R T O S 
1975), here we only discuss t h e s temflow w a t e r and give summar i zed resul ts 
fo r t h e whole fores t s tand. 
The n u t r i e n t quant i t ies pe r ha reaching t h e forest g r o u n d with t h e 
s t emf low wa te r were computed t ak ing into accoun t the e l emen t concent ra-
t i ons , water quan t i t i e s and t h e foliage coverage values of t h e s t e m concerned. 
These data are s u m m e d up in T a b l e 1 according to months , species and years . 
T h e table also gives the concen t ra t ion of t h e elements in t h e a tmospher ic 
prec ip i ta t ion , a n d the en r i chment factors . The d a t a clearly show t h e increased 
concent ra t ion of t h e s temf low wa te r reaching the ground, as compared to 
t h e nu t r ien t con t en t of the a tmosphe r i c prec ip i ta t ion . Our d a t a unambiguous ly 
p r o v e t ha t t h e concent ra t ion of elements in t h e water r u n n i n g down t h e 
t r u n k s of Quercus cerris trees is a lways lower t h a n t h a t in t h e s t emf low wate rs 
of Qu. petraea t rees . The di f ferences are clearly seen in Figs l a and b. 
The s t emf low water is pa r t i cu la r ly enr ichcd in mobile ca t ions as dem-
ons t r a t ed by C A R L I S L E et al. ( 1 9 6 7 ) , N I H L G Â R D ( 1 9 7 0 ) and also by our own 
measuremen t s . In our inves t iga t ions s temf low wa te r was enr iched to a m u c h 
g rea te r ex t en t t h a n canopy th roughfa l l , pa r t i cu la r ly with respec t to po tas -
s ium, calcium, manganese a n d sulphur . T h e m a x i m u m en r i chmen t f ac to r s 
fo r these e lements in the above order were 1 1 8 . 3 , 4 1 . 6 , 1 7 0 . 0 and 3 4 . 2 (Table 1 ) . 
I t is in te res t ing t h a t t h e ni t rogen concen t ra t ion of t h e s temf low w a t e r 
is a t its highest in the spring, as is the n i t rogen conten t of th roughfa l l wa t e r . 
These m a x i m a coincide wi th t h e t ime of ca terpi l lar g rada t ion in the fores t . 
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Table 1 
Mineral contents of atmospheric precipitation and stemflow water in the 
U n t o 
T y p e of 
precipi-
tat ion 
A m o u n t of 
precipita-
tion, m m 
к Ca Mg 
« ь С а h с а ь С 
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A 90.1 0.2 0.1350 2.8 2.4770 0.23 0.2070 
31. 7 — B - l 
2.5 
17.8 0.2079 18.3 25.6 0.2891 9.3 5.41 0.0746 23.5 
29. 8. B - 2 12.5 0.0059 83.3 14.1 0.0660 5.1 2.98 0.0143 13.0 
A 52.9 0.4 0.2110 2.0 1.0580 0.18 0.0950 
29. 8. B - l 
1.5 
27.7 0.1520 69.3 28.5 0.1814 14.3 2.19 0.0153 12.2 
2. 10. B - 2 16.9 0.0251 42.3 9.6 0.0099 4.8 2.1, 0.0019 11.7 





B - l 




















A 27.1 0.3 0.0700 3.0 0.8180 0.18 0.0480 
30. 10. B - l 
1.5 
15.7 0.0583 60.3 25.9 0.1054 8.6 3.41 0.0128 18.9 
4. 12. B - 2 11.1 0.0071 42.7 14.8 0.0095 4.9 2.60 0.0015 14.4 





B - l 
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forest examined between 27th February and 4th December 1974 
Na Mn Zii 





0.46 0.0160 0.12 0.0040 0.04 0.0013 
2.55 0.0002 5.6 2.33 0.0004 19.4 0.16 0.0001 4.3 
2.13 0.0001 4.7 2.39 0.0002 19.9 0.22 0.0001 6.0 
0.47 0.3690 0.10 0.0790 0.03 0.0212 
1.90 0.0170 4.1 5.24 0.0382 52.4 0.15 0.0013 5.6 
1.30 0.0044 2.8 1.22 0.0107 12.2 0.12 0.0003 4.3 
0.25 0.2610 0.01 0.0100 0.04 0.0366 
0.94 0.0187 3.8 1.46 0.0209 145.8 0.11 0.0018 3.1 
0.56 0.0026 2.3 0.55 0.0025 54.8 0.09 0.0004 2.5 
0.42 0.1670 0.02 0.0080 0.00 0.0000 
1.49 0.0055 3.6 0.84 0.0027 41.8 0.10 0.0004 103.4 
1.10 0.0012 2.6 0.71 0.0006 35.7 0.13 0.0001 128.0 
0.10 0.0900 0.02 0.0180 0.01 0.0045 
0.43 0.0054 4.3 0.62 0.0080 30.9 0.08 0.0010 8.0 
0.42 0.0014 4.2 0.60 0.0025 29.8 0.08 0.0003 8.0 
0.41 0.2170 0.05 0.0260 0.05 0.0265 
0.82 0.0067 2.0 0.45 0.0101 28.9 0.10 0.0010 2.0 
0.68 0.0004 1.7 1.00 0.0009 20.0 0.09 0.0001 1.8 
0.13 0.2580 0.01 0.0200 0.01 0.0238 
0 49 0.0174 3.7 0.57 0.0187 56.5 0.06 0.0033 6.0 
0.35 0.0030 2.7 0.43 0.0020 42.9 0.05 0.0004 5.0 
0.25 0.0680 0.02 0.0040 0.05 0.0143 
0.64 0.0025 2.6 2.55 0.0111 170.0 0.08 0.0009 1.6 
0.59 0.0005 2.4 2.07 0.0011 137.9 0.10 0.0001 1.9 
1.4600 0.1700 0.1300 
0.0734 0.1102 0.0091 
0.0137 0.0204 0.0018 
(Continued overleaf) 
Acta Agronomica Academiae Scientiarin m Hungaricae 26, 1977 
2 4 6 M. S Z A B Ó 
Table 3 
Date 
T y p e of 
precipi-
t a t i o n 
Amount of 
precipita-
t ion, m m 







A 4 . 3 0 . 0 4 0 . 0 0 1 4 9 . 4 0 . 3 2 9 0 
2 7 . 2 . 
1 3 . 3 . 
В 1 
В 2 
0 . 1 
0 . 1 9 
0 . 3 5 
0 . 0 0 0 1 
0 . 0 0 0 1 
4 . 8 
8 . 9 
2 7 . 9 
5 1 . 6 
0 . 0 0 2 9 
0 . 0 0 4 7 
2 . 9 
5 . 5 
A 7 8 . 6 0 . 0 1 0 . 0 0 7 8 5 . 1 4 . 0 2 7 0 
2 4 . 4 , -
2 2 . 5 . 
В 1 
В 2 
2 . 3 
0 . 1 8 
0 . 2 2 
0 . 0 0 1 6 
0 . 0 0 0 7 
1 8 . 0 
2 2 . 4 
9 3 . 0 
5 2 . 2 
0 . 8 2 2 9 
0 . 1 6 7 9 
1 8 . 2 
1 0 . 2 
A 1 0 4 . 6 0 . 0 5 0 . 0 5 2 3 2 . 1 2 . 2 1 4 0 
2 2 . 5 , -
1 9 . 6 . 
В 1 
В - 2 
3 . 0 
0 . 1 7 
0 . 1 4 
0 . 0 0 2 9 
0 . 0 0 0 8 
3 . 4 
2 . 9 
7 2 . 3 
3 4 . 9 
1 . 1 2 9 2 
0 . 1 6 2 0 
3 4 . 2 
1 6 . 5 
А 4 0 . 3 0 . 0 1 0 . 0 0 3 9 7 . 8 3 . 1 0 4 0 
1 9 . 6 . 
3 1 . 7 . 
В 1 
В 2 
0 . 9 
0 . 1 2 
0 . 0 6 
0 . 0 0 0 5 
0 . 0 0 0 1 
1 2 . 1 
5 . 6 
4 0 . 5 
3 3 . 9 
0 . 1 1 2 1 
0 . 0 3 4 0 
5 . 2 
4 . 3 
А 9 0 . 1 0 . 0 2 0 . 0 1 8 0 3 . 3 2 . 9 7 5 0 
3 1 . 7 . 
2 9 . 8 . 
В - 1 
В 2 
2 . 5 
0 . 1 4 
0 . 1 3 
0 . 0 0 1 5 
0 . 0 0 0 5 
7 . 0 
6 . 5 
2 7 . 8 
2 7 . 1 
0 . 2 9 6 4 
0 . 0 9 0 5 
8 . 4 
8 . 2 
А 5 2 . 9 0 . 0 2 0 . 0 1 0 6 3 . 4 1 . 7 7 1 0 
2 9 . 8 . 
2 . 1 0 . 
В - 1 
В 2 
1 . 5 
0 . 1 5 
0 . 1 5 
0 . 0 0 1 1 
0 . 0 0 0 2 
7 . 5 
7 . 5 
8 3 . 9 
3 5 . 1 
0 . 4 2 8 9 
0 . 0 4 1 5 
2 5 . 1 
1 0 . 5 
А 1 9 4 . 0 0 . 0 0 . 0 9 . 0 1 . 9 4 2 0 
2 . 1 0 , -
3 0 . 1 0 . 
В 1 
В - 2 
6 . 6 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
6 0 . 8 
2 8 . 3 
1 . 4 5 0 5 
0 . 2 5 4 5 
6 . 8 
3 . 2 
А 2 7 . 1 0 . 0 0 . 0 3 . 5 0 . 9 5 6 0 
3 0 . 1 0 . -
В - 1 
1 . 5 
0 . 0 0 . 0 6 9 . 9 0 . 2 4 3 0 1 9 . 8 
4 . 1 2 . В 2 0 . 0 0 . 0 3 3 . 5 0 . 0 2 0 0 9 . 5 
V 
А 5 9 5 . 3 0 . 0 9 0 0 1 7 . 8 3 0 0 
2 7 . 2 . -
4 . 1 2 . 
В - 1 
В 2 
1 8 . 4 
0 . 0 0 7 6 
0 . 0 0 2 4 
4 . 4 8 6 0 
0 . 7 7 5 2 
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continued 
T o t a l - N Cl PO, p 
a Ii С a ь 
с 
a ь С 
5 . 2 0 . 1 8 2 0 4 . 6 0 . 1 6 3 0 0 . 2 2 0 . 0 1 7 5 
2 2 . 2 0 . 0 0 2 1 4 . 3 1 0 . 3 0 . 0 0 1 3 2 . 2 1 . 0 7 0 . 0 0 0 1 5 . 0 
3 1 . 9 0 . 0 0 2 7 6 . 1 1 9 . 8 0 . 0 0 0 8 4 . 2 1 . 0 0 0 . 0 0 0 1 4 . 6 
2 . 8 2 . 2 2 7 0 2 . 1 1 . 6 1 6 0 0 . 1 8 0 . 1 4 3 9 
2 1 . 6 0 . 1 9 2 4 7 . 6 1 5 . 5 0 . 1 1 5 7 7 . 5 0 . 8 5 0 . 0 0 8 2 4 . 6 
1 2 . 8 0 . 0 4 4 0 4 . 5 7 . 2 0 . 0 2 5 9 3 . 5 0 . 4 3 0 . 0 0 1 9 2 . 3 
1 . 9 2 . 0 8 4 0 2 . 1 2 . 1 4 9 0 0 . 1 1 0 . 1 1 5 0 
3 . 5 0 . 1 2 1 2 1 . 7 5 . 2 0 . 0 9 2 1 2 . 5 0 . 3 1 0 . 0 0 5 6 2 . 8 
2 . 3 0 . 0 1 0 4 1 . 1 3 . 3 0 . 0 1 6 2 1 . 6 0 . 3 6 0 . 0 0 2 0 3 . 3 
2 . 7 1 . 0 5 7 0 2 . 8 1 . 0 9 8 0 0 . 6 8 0 . 2 7 1 2 
8 . 9 0 . 0 2 7 2 3 . 4 8 . 5 0 . 0 3 3 5 5 . 1 1 . 1 6 0 . 0 0 4 0 1 . 7 
5 . 0 0 . 0 1 3 7 1 . 9 7 . 4 0 . 0 0 8 3 2 . 7 1 . 0 7 0 . 0 0 2 2 1 . 6 
6 . 2 5 . 6 2 2 0 1 . 7 1 . 5 0 1 0 0 . 3 4 0 . 3 0 6 4 
4 . 3 0 . 0 5 5 4 0 . 7 4 . 0 0 . 0 5 2 5 1 . 8 0 . 4 5 0 . 0 0 6 2 1 . 3 
5 . 3 0 . 0 2 2 1 0 . 9 4 . 1 0 . 0 1 7 7 2 . 4 0 . 3 7 0 . 0 0 1 6 1 . 1 
5 . 1 2 . 6 9 6 0 2 . 3 1 . 2 0 8 0 0 . 3 4 0 . 1 7 7 5 
9 . 2 0 . 0 6 7 7 1 . 8 4 . 5 0 . 0 4 4 0 2 . 0 0 . 6 3 0 . 0 0 5 6 1 . 9 
8 . 9 0 . 0 1 1 2 1 . 7 4 . 9 0 . 0 0 6 6 2 . 2 0 . 6 5 0 . 0 0 0 8 1 . 9 
2 . 5 5 . 0 2 8 0 2 . 3 4 . 5 3 3 0 0 . 1 4 0 . 2 7 1 7 
6 . 1 0 . 2 0 3 7 2 . 4 2 . 2 0 . 0 5 4 8 1 . 0 0 . 4 8 0 . 0 1 6 4 3 . 5 
3 . 4 0 . 0 2 8 6 1 . 4 2 . 3 0 . 0 1 2 7 1 . 0 0 . 4 2 0 . 0 0 4 1 3 . 0 
3 . 3 0 . 9 0 0 0 1 . 3 0 . 3 6 1 0 0 . 0 8 0 . 0 2 0 0 
4 . 5 0 . 0 2 4 6 1 . 4 5 . 1 0 . 0 1 9 5 3 . 8 0 . 2 8 0 . 0 0 0 9 3 . 7 
6 . 3 0 . 0 0 4 7 1 . 9 4 . 4 0 . 0 0 2 3 3 . 3 0 . 3 8 0 . 0 0 0 2 4 . 9 
2 0 . 0 9 0 0 1 2 . 6 2 0 0 1 . 3 2 0 0 
0 . 6 9 4 3 0 . 4 1 3 6 0 . 0 4 7 0 
0 . 1 3 7 5 0 . 0 9 0 6 0 . 0 1 2 8 
A = atmospheric precipitation 
В 1 = stemflow water of Quercus petraea 
В 2 = stemflow water of Quercus cerris 
a = concentration — mg/litre 
b = mineral content — kg/ha 
concentration of stemflow water 
с = enrichment factor — —- — — ; — : ;—: ; 
concentration of atmospheric precipitation 
In the period between 13th March and 24th April stemflow water was 0.00 mm. 
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Fig. 1. Trends of element concentration in atmospheric 
Analyses i n d i c a t e d a very h i g h organic n i t rogen con ten t in the ca terp i l la r 
excrements , a n d this ef fect could also be observed in t h e water samples . 
Table 2 contains t h e t o t a l monthly a n d yearly prec ip i ta t ion i n p u t of 
minerals in to t h e ecosystem, as well as the n u t r i e n t con ten t of canopy t h r o u g h -
fall and s t e m f l o w water. T h e quan t i t y of w a t e r collected is also given in t h e 
t ab le in m m . A t an a t m o s p h e r i c p rec ip i ta t ion of 5 9 3 . 3 m m , the r a i n w a t e r 
re tent ion of t h e forest d u r i n g t h e period of inves t igat ion was 120.3 m m (20.1 
pe r cent), t h e canopy t h r o u g h f a l l was 4 5 6 . 6 mm ( 7 6 . 8 pe r cent) and t h e 
s temflow w a t e r 18.4 m m (3.1 per cent). W a t e r which passed th rough t h e 
vegetat ion con t a ined a r e m a r k a b l y large a m o u n t of po t a s s ium and su lpha te -
sulphur ( the increase was 2 1 . 3 4 and 3 5 . 5 0 k g / h a , respect ively) , but its n i t rogen 
content dec reased on a y e a r l y average ( — 1 . 9 8 kg/ha). Similar observa t ions 
were made b y C A R L I S L E et al. ( 1 9 6 7 ) , D E N A E Y E R - D E S M E T ( 1 9 6 9 ) and U L R I C H 
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precipitation and stemflow water (mg/litre) 
-OUERCUS PETRAEA 
-QUERCUS CERRIS 
- INCIDENTAL RAINFALL 
et al. ( 1 9 7 1 ) in oak a n d beech fores t s . The decrease m a y be caused b y the fact 
t h a t inorganic n i t rogen compounds — mainly n i t r a t e s — are f i r s t absorbed 
f r o m ra inwater wh ich falls onto t h e surface of t h e leaves ( S T E N L I D 1 9 5 8 ) . 
T h e to ta l a m o u n t of nu t r i en t s reaching t h e soil with the r a inwa te r is 
shown in Fig. 2. F o r each element t h e amount en te r ing the fo res t wi th the 
a tmosphe r i c p rec ip i t a t ion is r ep resen ted by the e m p t y upper p a r t , and tha t 
r each ing the g round in different w a y s by the lower p a r t . For t h e quanti t ies 
r each ing the g round , t h e t r ansve r sa l ly lined p a r t represents t h e mineral 
c o n t e n t of water pass ing th rough t h e foliage and of t h a t which fa l ls through 
t h e gaps in the c a n o p y . The l a t t e r was computed t ak ing into considerat ion 
t h e foliage coverage value (80 per cen t ) ; t ha t is, in t h e forest concerned there 
is 20 per cent of open surface t h r o u g h which t h e a tmospher ic prec ip i ta t ion 
(and its nu t r i en t con ten t ) can reach t h e soil p rac t i ca l ly unh indered . I t should 
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Table 2 
Nutrient contents of atmospheric precipitation, canopy throughfall 
T y p e o f Amount of 
D a t e precipi - precipi- к Ca Mg Na 
t a t i o n tation m m 
A 4.3 0.0440 0.2100 0.0220 0.0160 
27. 2,— В 3.6 0.0540 0.2400 0.0240 0.0260 
13. 3. С 0.1 0.0023 0.0046 0.0007 0.0003 
D - 0 . 6 + 0.0123 + 0.0346 +0.0027 +0.0103 
A 3.3 0.0830 0.3600 0.0470 0.0180 
13. 3.— В 1.4 0.2220 0.3750 0.0730 0.0150 
24. 4. С 0.0 0.0 0.0 0.0 0.0 
D - 1 . 9 +0.1390 + 0.0150 +0.0260 -0 .0030 
А 
78.6 1.3200 1.3590 0.1100 0.3690 
24. 4,— В 60.3 6.5600 1.7390 0.5820 0.5960 
22. 5. С 2.3 0.3422 0.5876 0.0535 0.0214 
D - 1 5 . 4 + 5.5822 +0 .9676 +0.5235 +0.2484 
А 104.6 4.1820 1.5890 0.1670 0.2610 
22. 5.— В 81.0 6.7820 2.3080 0.7720 0.2620 
19. 6. С 3.0 0.4184 0.3987 0.0350 0.0213 
D - 2 0 . 6 +3.0184 + 1.1177 +0.6400 +0.0223 
А 40.3 0.3970 2.3830 0.4010 0.1670 
19. 6,— В 27.1 3.4510 3.9170 0.8760 0.2190 
31. 7. С 0.9 0.0863 0.0945 0.0106 0.0067 
D- - 1 2 . 3 +3 .1403 + 1.6285 +0.4856 +0.0587 
А 90.1 0.1350 2.4770 0.2070 0.0900 
31. 7.— В 64.9 1.9520 6.3710 0.8830 0.1870 
29. 8. С 2.5 0.2138 0.3551 0.0889 0.0068 
D - 2 2 . 7 + 2.0308 +4 .2491 +0.7649 +0.1038 
А 52.9 0.2110 1.0580 0.0950 0.2170 
29. 8.— В 38.7 1.6270 2.3570 0.3260 0.1900 
2. 10. 
С 
1.9 0.1771 0.1913 0.0172 0.0071 
D - 1 2 . 3 + 1.5931 + 1.4903 +0.2482 -0 .0199 
А 
194.0 0.9920 7.1460 1.2110 0.2580 
2. 10.— В 157.5 5.2550 4.3570 0.8230 0.2470 
30. 10. С 6.6 0.4567 0.5361 0.0465 0.0204 
D - 2 9 . 9 +4 .7197 - 2 . 2 5 2 9 -0 .3415 +0.0094 
А 
27.1 0.0700 0.8180 0.0480 -0 .0680 
30. 1 0 , - В 23.3 1.1140 1.6070 0.1870 0.1000 
4. 12. 
С 
1.5 0.0654 0.1149 0.0143 0.0030 
D - 2 . 3 +1 .1094 +0 .1938 +0.1533 +0.0350 
E 
А 595.3 7.44 17.41 2.31 1.46 
27. 2,— В 456.6 27.02 23.28 4.55 1.84 
4. 12. 1974 
С 
18.4 1.76 2.28 0.27 0.09 
D - 1 2 0 . 3 + 2 1 . 3 4 + 8 . 1 5 +2.51 +0.47 
A = atmospheric precipitation, В = canopy throughfall , С = stemflow water, 
D = difference (B + C)— A, n.a. = not analysed 
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and stemfloiv water in the forest examined, in kg/ha 
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T a b l e 3 
Results of investigations into the precipitation conditions of 





M A D G W I C K - O V I N G T O N Bedgebury S. E . Hardwoods a 
1959 England 840 b 
Softwoods b 
M I L L E R New-Zealand Beech a 
1963 (Nothofagus) 1335 b 
M I N A + U.S.S.R Picea abies a 
1965 S. taiga 273 b 
Pinus silvestris b 
A T T I W I L L S.E. Eucalyptus 979 a 
1966 Australia obligua b 
C A R L I S L E et al. England Quercus petraea 1617 a 
1 9 6 6 - 6 7 b 
с 
C O L E et al. Washington Douglas-fir 1360 a 
1967 U.S.A. b 
с 
D E N A E Y E R - D E SMET Virelles-Blaimont Mixed oak forest 865 a 
1969 Belgium b 
с 
Madeleine 477 a 
Quercus ilex b 
Rouquet 662 a 
R A P P S. France Quercus ilex b 
1969 Gräbels 601 a 
Pinus halepensis b 
Gabriac 709 a 
Qu. lanuginosa b 
N I H L G Â R D Scania Beech a 
1970 S. Sweden ( Fagus silvatica) b 
950 с 
Spruce b 
(Picea abies) с 
U L R I C H et al. Soiling Luzulo-Fagetum a 
1971 Project 1088 b 
W. Germany с 
R E I N E R S Cedar Creek Oak b 
1972 E. Minnesota Fen 624 b 
Swamp b 
Present s tudy + T Sikfőkút Oak a 
Project, Hungary (Quercus petraea) 595 b 
с 
a = incidental rainfall 
b = throughfall 
с = stemflow 
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various forest types (on the basis of literary data) 
2 5 3 
Nutr ient content kg /ha /year 
К Ca Mg Na Mn s N p Cl 
2.8 10.7 4.2 19.3 
27.8 24.5 11.0 31.1 
22.6 24.1 8.8 33.8 
5.8 6.4 9.9 55.2 7.4 2.1 0.20 102.5 
27.3 11.8 11.8 65.0 9.2 2.5 0.50 140.0 
5.1 6.6 1.6 1.0 
9.5 6.5 2.4 0.9 
7.0 8.4 1.6 3.3 
1.8 2.2 5.1 17.3 
13.4 8.0 7.3 25.4 
3.0 7.3 4.6 35.3 9.5 0.43 
28.1 18.2 9.4 55.5 8.8 1.31 
1.6 2.0 0.7 5.9 0.1 0.01 
0.8 2.8 1.1 traces 
10.7 3.5 1.5 0.30 
1.6 1.1 0.2 0.10 
5.0 19.3 25.4 8.0* 
20.7 23.0 22.6 9.2* 
1.7 3.4 2.8 0.7* 
3.1 14.7 2.1 22.9 14.3 0.70 
40.7 37.9 6.9 42.9 23.9 3.80 
2.0 10.5 1.5 22.6 14.6 1.00 
21.3 26.3 2.7 34.1 14.2 2.10 
3.8 10.2 1.7 19.1 14.6 0.80 
12.8 21.7 4.4 39.6 15.7 1.40 
3.8 11.7 1.0 13.4 12.4 1.10 
16.5 13.3 3.4 22.7 16.5 1.30 
0.07 
1.9 3.5 0.9 5.6 0.10 7.9 8.2 11.1 
9.9 9.0 3.0 13.7 1.93 14.9 8.5 0.11 31.2 
3.2 1.1 0.4 2.0 0.22 3.6 0.4 0.01 4.3 
22.6 14.7 5.3 22.6 4.03 42.0 21.5 0.43 46.3 
4.5 2.7 0.9 3.6 0.52 12.2 2.6 0.07 8.6 
2.0 12.4 1.8 7.3 0.22 24.8 23.9 0.48 17.8 
18.1 26.6 3.5 11.3 2.81 40.8 22.5 0.58 38.0 
7.5 5.8 0.7 2.3 0.88 16.5 2.6 0.02 6.5 
7.6 3.1 5.5 0.70 
10.5 3.8 5.5 0.60 
10.7 3.7 6.0 0.50 
7.4 17.4 2.3 1.5 0.17 17.8 20.1 1.32 12.6 
27.0 23.3 4.6 1.8 1.39 46.1 17.3 2.07 12.9 
1.8 2.3 0.3 0.1 0.13 5.3 0.8 0.06 0.6 
+
 data refer to a single period of vegetation (13.6,—12.9.) 
+ +
 data refer to a single period of vegetation (27.2. — 4.12.) 
* only N 0 3 — N was measured 
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11.32 _ 
VA OY D H S ТЕМ LOW 
^ 2.40 ТО4-Р ™ 
Fig. 2. Nutrient con ten ts of (a) a tmospheric precipitation and (b) water reaching the ground 
(kg/ha/year) 
b e mentioned h e r e t ha t the v a l u e s obtained f o r t h e a tmospher ic prec ip i ta t ion 
— with the e x c e p t i o n of t h e low sodium a n d relatively h igh phosphorus 
v a l u e s — f i t in well with t h e general condi t ions in H u n g a r y ( K O Z Á K — 
M É S Z Á R O S 1 9 7 1 A ) . 
For the pu rposes of compar i son , t h e resu l t s of p rec ip i ta t ion s tud ies 
ca r r ied out in d i f f e r e n t types of fores t are s u m m e d up in T a b l e 3 on the bas is 
of l i terary d a t a . T h e table reveals t h a t our d a t a approx imate t o results o b t a i n e d 
in similar t y p e s of forest (see M A D G W I C K — O V I N G T O N 1 9 5 9 , CARLISLE et ai. 
1 9 6 6 , 1 9 6 7 , D E N A E Y E R - D E S M E T 1 9 6 9 , U L R I C H et al. 1 9 7 1 ) . Large differences 
a r e only found in the amount of sodium in b o t h the a tmospher i c prec ip i ta -
t i o n and the c a n o p y throughfa l l . This can be explained b y t h e fact t h a t t h e 
sod ium concen t ra t ion (and t h e chloride c o n t e n t ) of the r a in w a te r is de t e r -
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mined to a considerable e x t e n t b y the d is tance of the exper imen ta l site f r o m 
the sea. The invest igat ions men t ioned — in con t ras t to t hose carried o u t in 
H u n g a r y — were pe r fo rmed in forests n e a r t h e sea (Eng l and , Belg ium) . 
Re la t ionsh ip between t h e amoun t of prec ip i ta t ion a n d the concen t ra -
t ion of t h e e lements . According to L A R S O N — H E T T I C K (1956) t h e amount ( X ) 
of ra inwate r and its ion concent ra t ion ( Y) show the following relat ion: 
Y = a - bX 
where a and b are cons tan t s . 
According to M A D G W I C K — O V I N G T O N ( 1 9 5 9 ) this re la t ionship can b e s t 
be expressed wi th an exponent ia l equa t ion (whose curve is asympto t ic t o 
bo th axes). A T T I W I L L ( 1 9 6 6 ) suggests a power funct ion in addi t ion to t h e 
exponent ia l equa t ion . 
I t is obvious t h a t t h e a m o u n t of prec ip i ta t ion and t h e concen t ra t ion 
of the e lements are in inverse ra t io to one ano the r . We h a v e assumed t h a t 
in the p resen t case t h e re la t ion between X a n d Y is: Y — cX~b (where t h e 
logar i thm of Y is in l inear correlat ion w i th t h a t of X) . B y making a loga-
r i thmic equa t ion of this we ob ta in t h e e q u a t i o n log Y = log с — b log X . 
To de te rmine t h e unknown coefficients (log с — a or b) in t h i s equat ion, we 
carried ou t a l inear regression b y compu te r on the basis of the e q u a t i o n 
log Y = a — b log X , where Y = ion concen t ra t ion in mg/ l i t re , X = a m o u n t 
of prec ip i ta t ion in m m . We appl ied the above correlations (n = 10) t o f i v e 
elements (K, Na , Ca, Mg, S0 4 —S) in re la t ion to the a tmosphe r i c p rec ip i t a -
t ion and t h e th roughfa l l w a t e r in t h e four combina t ions ; t h e resul ts are s u m -
marized in Table 4. 
I t can he observed t h a t wi th the increase in the a m o u n t of water t h e 
ion concent ra t ion in t h e a tmospher ic p rec ip i t a t ion decreases in the fol lowing 
order: S 0 4 — S > Ca >• Na >• Mg > К ; f u r t h e r m o r e the changed concen t ra -
tion of po t a s s ium does no t show any close connect ion w i t h changes in t h e 
q u a n t i t y of prec ip i ta t ion . A similar obse rva t ion was made b y M A D G W I C K — 
O V I N G T O N ( 1 9 5 9 ) . 
In b o t h the combina t ions of tree + s h r u b examined t h e ion concen t ra -
tion of t h e canopy th roughfa l l decreases w i th t h e increasing w a t e r q u a n t i t y in 
the following order : Mg >• Ca % S0 4 —S > К > N a ; however , th is func t iona l -
i ty does no t hold t rue for N a . I t can also be clearly seen t h a t the e x t e n t of 
the decrease is similar for b o t h combinat ions , a n d for each e l emen t (except N a ) . 
The concent ra t ion of e lements in r a i nwa te r passing t h r o u g h the fo l iage 
of Quercus cerris decreases as t h e p rec ip i t a t ion increases in the fo l lowing 
order: Mg >• Ca >• К > S 0 4 — S > Na, which is almost in agreement wi th t h e 
order ob ta ined for t ree + sh rub combina t ions (in water fa l l ing th rough t h e 
foliage of t u r k e y oak the concent ra t ion of po t a s s ium ion decreases to a s l igh t ly 
greater e x t e n t t h a n t h a t of t h e S04- ion, bu t t h e difference is no t s igni f icant ) . 
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Table 4 
Relationship between the amount of precipitation 
X (mm) and its element concentration Y (ppm). 
Ig Y = a - big X, n = 10 
Atmospheric 


















- 0 . 4 8 9 
- 0 . 7 9 7 
- 0 . 8 4 7 
- 0 . 7 1 0 
- 0.892 
n. s. 
p = 1% 
p = 1% 
p = 5% 
P = 0.1% 
Throughfall in Quercus 
















- 0 . 7 5 8 
- 0 . 2 4 0 
0.663 
- 0 . 6 7 2 
- 0 . 6 3 6 
P = 2% 
n. s. 
p = 5% 
P = 5% 
P = 5% 
Throughfall in Quercus 

















- 0 . 8 1 4 
- 0 . 2 9 5 
— 0.686 
- 0 . 8 4 3 
- 0 . 7 3 1 
P = 1% 
n. s. 
P = 5% 
P = 1% 
P = 2% 

















- 0 . 5 9 7 
- 0 . 0 6 9 
- 0 . 6 9 4 
- 0 . 8 5 1 
- 0 . 7 4 0 
P = 10% 
n. s. 
P = 5% 
P = 1% 
P = 2% 

















- 0 . 5 4 5 
0.438 
- 0 . 2 5 4 
- 0 . 2 8 6 





p = 10% 
Accord ing to our calculat ions t h e re la t ionship be tween the a m o u n t of 
water pass ing through t h e foliage of Quercus petraea a n d its ion concent ra -
tion canno t b e expressed b y the e q u a t i o n log Y = a — b log X. T h e pai rs 
of data were also run accord ing to t h e e q u a t i o n log Y - a — bX, b u t again 
without a n y result . Since our inves t iga t ions have been cont inued in 1975, 
the addi t iona l data should increase the l ikel ihood of our f inding more su i tab le 
funct ional i t ies . I t should b e noted t h a t w c do not consider t ha t t h e correla-
tions o b t a i n e d are appl icab le to all cases . 
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BIOPOLYMER-METAL COMPLEX SYSTEMS. I 
E X P E R I M E N T S FOR T H E PREPARATION O F H I G H PURITY PEAT HUMIC 
SUBSTANCES AND T H E I R METAL COMPLEXES 
By 
B . L A K A T O S , J . M E I S E L , G . M Á D Y 
C E N T R A L R E S E A R C H I N S T I T U T E F O R C H E M I S T R Y , H U N G A R I A N A C A D E M Y O F S C I E N C E S , B U D A P E S T 
Metal-free pure peat humic acids were prepared by extract ion with diluted 
aqueous sodium hydroxide and/or sodium pyrophosphate and a combined applica-
tion of EDTA and anion and cation exchange resins a t room temperature . The removal 
of proteins, polysaccharides and phenol-carboxylic acid type compounds was per-
formed by boiling with conc. hydrochloric acid. A system of low molecular weight 
fermentation humic acid and hymatomelanic acid was obtained by the microbiological 
method. The fulvic acids obtained by the modified method of Chalupa-Rochus were 
freed from metal ions by precipitation in the form of copper fulvates and subsequent 
treatment with ammonium sulphide. Metal huinates and fulvates were obtained in 
the highest pur i ty by the reaction of pure humic substances with carboxylic acid 
type resins sa tura ted with metal ions. The preparat ion of high puri ty humic substances 
and metal humâtes allowed the determination of the physical and chemical prop-
erties of the fractions and also facilitated physiological experiments. 
Introduction 
The me ta l complexes of biopolymers (e.g. neutra l , acidic and muco-
polysacchar ides , polypept ides , prote ins , nucleic and humic acids) as bio-
logically act ive agen ts have come to the fo reg round of sc ient i f ic research 
owing to their g r ea t pract ical impor t ance . 
Humic subs tances , which are the main components of moors , pea t s , 
l ignites, brown coals and soils, are among t h e most widespread na tu ra l ly 
occurr ing b iopolymers . Soil h u m i c substances a n d their me ta l complexes, as 
well as clay mineral—humic acid systems b o u n d b y metal ions a n d hydrogen 
br idges have an i m p o r t a n t role in the dynamics and fer t i l i ty of soils. Micro-
e lements essential for plants occur in humic subs tances ma in ly in the f o r m 
of covalent che la te complexes, while in clay mine ra l s they are f o u n d in ionic 
b o n d s ( F E K E T E et al. 1 9 6 7 , K O N O N O W A 1 9 5 8 , S C H E F F E R — U L R I C H 1 9 6 0 , 
S C H N I T Z E R — K H A N 1 9 7 2 ) . 
Intensive research has been conducted in t h e field of h u m i c substances 
s ince the inves t iga t ions of Berzel ius . Due to t h e great va r i e ty , complexi ty 
a n d he terogenei ty of substances grouped u n d e r t h i s te rm and t o the var ious 
m e t h o d s of t he i r ex t rac t ion a n d impuri t ies , however , o f ten no sa t i s fac tory 
answer could be f o u n d to t h e m o s t f u n d a m e n t a l questions. 
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W e wished to deve lop a r ep roduc ib le me thod for the p r e p a r a t i o n of 
high p u r i t y humic subs tances in a well defined, u n i f o r m , pract ical ly homo-
geneous s t a t e . Our a im was to s t u d y t h e physical a n d chemical p roper t i e s 
of these substances in order to ob t a in p roduc t s su i t ab le for f u r t h e r research 
in the f ie ld of pedology, p lan t and a n i m a l physiology. For this p u r p o s e , good 
qual i ty , nea r ly homogeneous peat h u m i c acids were isolated f r o m lowland 
peat o b t a i n e d from U s z t a t ó m a j o r n e a r Keszthely in Hunga ry ( L A K A T O S 
et al. 1 9 7 2 , M E I S E L et al. 1 9 7 1 , S I P O S et al. 1 9 7 2 , V I N K L E R et al. 1 9 7 1 ) . 
Materials and Methods 
Lowland peat (Usztatómajor, Keszthely) is a weak basic substance composed mainly 
of calcium huinate, and a mixture of clay minerals, lime-mud, shells and sands. The ash 
content of the air-dry peat was found to be 28 — 43%, while organic materials calculated 
from the carbon content were approx. 30- 7 0 % ; II 3 — 4%, N 2 % , and total protein content 
12.5° o- The ash was analysed by emission spectrophotography (I.. Vecsernyés, Т А К I, Buda-
pest, 1970) with the following results. Main components: Ca, Al, Si, Fe, Mg (10%); positively 
detectable: Na and В (1 10%); detectable: Ва, Li, Ti, Mn, Cu, Ni and К (1/10%); detectable 
only in t race amounts: P b (10"5%), Mo (10"«%) , Be and Zn (10" 6%). 
I. Humic substances 
1. Extraction 
Several methods of extraction from soil, lignite, peat and brown coal have been used 
(SCHNITZER KHAN 1972) to obtain quant i ta t ive amounts of humic, hymatomelanic and 
fulvic acids in a relatively "na t ive" form. As humic acids are weak acidic substances, they 
can he obtained in nearly quanti tat ive amounts only with strong basic extractions, such as 
alkaline hydroxides, phosphates and carbonates. The decomposition and removal of most 
contaminants , e.g. bitumens, waxes, resins, fa t s , phospholipoids and carbohydrates (FISCHER 
1967) is the other great advantage of the use of strong basic reagents, e.g. sodium hydroxide. 
The disadvantage of the method is that the s t rong basic e x t r a d a n t s result in a certain degree 
of degradation as a function of concentration and temperature. This degradation is supported 
hy determinat ion of the molecular weight, i.e. the particle weight in daltons (see Biopoly-
iner Metal Complex Systems, Part II). I t seemed feasible, therefore, to carry out extractions 
at room temperature in a dilute solution (0.1 mole). 
Humic acids extracted with sodium hydroxide will he henceforth referred to as I-humic 
acids owing to their high protein content, while those extracted with sodium pyrophosphate, 
with higher ash and lower protein content, will he called I l -humic acids. Humic acids treated 
with ammonium hydroxide will he designated as 111- or ammonhumic acids (NEMEE— 
VOPENKA 1971) for partial incorporation of ammonia and, finally, those extracted with nitric 
acid as I V - or nitrohuinic acids ( S M I T H — H O W A R D 1 9 3 5 ) , due to their nitro group content. 
For the extraction of raw humic acids, 1600 or 1300 g air-dry peat obtained from 
Uszta tómajor , Keszthely was filled with 0 . 5 % sodium hydroxide (or 5 dm 3 of 0.1 mole 
sodium pyrophosphate) to give approx. 8 dm 3 . The suspension was stirred for 5 min/hr for 
a period of 8 hours and then allowed to stand overnight for sedimentation. The brown alkaline 
solution was dccanted f rom the non-diluted peat mud, then centrifuged and fi l tered through 
glass wool. The procedure was repeated four (or two) times. The peat was filled up four times 
(or twice) to 8 dm3 with fresh 0.5% sodium hydroxide (or 5 din3 sodium pyrophosphate, 
0.1 M). Af ter dilution performed as above, the alkaline f i l t ra te was stirred and adjusted 
with 2 N hydrochloric acid to pH - 8 or p H = 7), then allowed to sediment for 1 — 2 days. 
The solution was separated from the deposited grey humic acid by centrifugation and sub-
sequent décantation. The solution was then acidified with 2 N hydrochloric solution to 
pH = 1 and allowed to sediment for 1 — 2 days. The precipitate was separated by centrifuga-
tion and supernatant was used for the prepara t ion of fulvic acid. After being dried at 60°C, 
the precipitate was ground, washed with 0.1 M hydrochloric acid, centrifuged and dried 
again. This washing procedure was carried ou t three times. 
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The raw humic acids obtained f rom peat and soil contain, in addi t ion to the poly-
nuclear heteroaromatic "nucleus" and functional groups, several o the r contaminations 
( C H E S H I R E et al. 1 9 6 7 ) . The removal of these contaminations is a diff icult task. Hydrolysis 
with concentrated hydrochloric acid ( 6 N ) or mineral acids at 1 0 5 ° C for several hours ( 4 8 or 
72 hr) may lead to the removal of organic contamination, but "acid boi led" or hydrolysed 
humic acid suffers degradation, which involves a decrease in molecular weight. 
Humic acids of lower molecular weight may be obtained from raw brown humic acids 
by microbiological degradation e.g. by means of Mycobacterium citreum (GORDIENKO 1972,  
S M A L I N 1 9 7 1 ) or a mold culture ( B U R G E S — LATTER 1 9 6 0 ) . The mold cul ture (mainly Asper-
gillus type with Pénicillium, Pseudomonas as well as Arthrobacter and Actinomyces) developed 
on raw brown II-humic acid in 1 mon th . The brown humic acid has been enzymatically 
decomposed into two components, a low mol. wt. humic acid and hymatomelanic acid. The 
low nitrogen content ( 2 . 5 5 % ) and average molecular weight ( 1 1 0 0 dal tons) suggest that the 
product is no fungus humic acid. In order to distinguish the main component with higher 
mol. wt. (70%) f rom brown humic acids extracted with sodium pyrophosphate , the former 
will be referred to as fermentation humic acid and the lower molecular weight component 
(30%) as fermentation hymatomelanic acid. 
Hymatomelanic acids can be ex t rac ted from raw brown humic acids with polar organic 
solvents. Raw brown humic acids ex t rac ted from lowland peat (Uszta tómajor , Keszthely) 
with 96% ethyl alcohol yielded a light brown, so-called "extracted hymatomelanic acid" (1%). 
Fulvic acids were extracted by a modified version of the Chalupa—Rochus method 
(CHAIAJPA 1 9 6 5 , R O C H U S 1 9 6 9 ) . 
Raw brown humic acids obtained by alkaline extraction from 3000 g air-dry peat 
were separated with 2 N sulphuric acid. A solution of 0.5 M aluminium sulphate was added 
to raw fulvic acid (approx. 10 dm3 ; p H 1), and the mixture was neutralized by gradual 
addition of concentrated sodium hydroxide with constant stirring. The fulvic acid was bound 
quanti tat ively by the precipitating aluminium hydroxide. The yellowish-white precipitate 
was allowed to s tand for 10 -12 hours, then separated by centrifugation and washed with 
distilled water until the sulphate reaction had ceased. Then the precipi tate was dissolved 
in 2 N sulphuric acid (approx. 4 dm3). 15 20% vol. n -buty l alcohol was layered above the 
aqueous solution and the bulk of the fulvic acids was shaken into the n -bu ty l alcohol phase. 
This shaking procedure (with 9 — 1 0 % vol. n-butyl alcohol) was repea ted several times 
until the acidic aqueous phase became colourless or light yellow. The n -bu ty l alcohol phase 
saturated with aqueous sulphuric acid was neutralized with a barium hydroxide solution, 
the precipitating bar ium sulphate was fil tered or centrifuged and the solute was evaporated. 
The amount of raw fulvic acid obtained was approx. 6 g, corresponding to a yield of 0.2%. 
Table 1 shows the ultimate analyt ical data and yield of raw humic , hymatomelanic 
and fulvic acids. 
2. Purification 
Due to their high ash content and metal contaminations, all raw materials had to 
be purified. Several purification methods, namely dialysis (GONZALES- HUBERT 1972, POSPISIL 
1 9 7 1 , R A S H I D 1 9 7 1 ) , electrodialysis ( B U R G E S 1 9 6 0 , D R O Z D 1 9 7 1 ) , f ract ioned precipitation 
( K U M A D A — K A W A M U R A 1 9 6 8 , K Y U M A 1 9 6 4 ) , ion exchange ( E V A N S — R U S S E L L 1 9 5 9 , G A W -
RONSKI — G L I N S K I 1 9 6 9 , H O R I — O K U D A 1 9 6 1 , M A L I W A — K H A G A R O T 1 9 6 6 , R A S H I D - K I N G 
1 9 6 9 , B R E M N E R — H O 1 9 6 2 , DORMAAR 1 9 7 2 , SAPEK 1 9 7 1 , M A R T I N - R E E V E 1 9 5 8 , W R I G H T 
et al. 1 9 5 8 , Y U A N 1 9 6 4 ) , chelate resin techniques ( P O S N E R 1 9 6 6 ) and the complexing 
m e t h o d ( M Ü C K E — O B E N A U S 1 9 6 1 , O B E N A U S — MÜCKE 1 9 6 3 , Z IECHMANN 1 9 6 4 , KLÖCKING 
1 9 6 7 , K L Ö C K I N G — M Ü C K E 1 9 6 9 , M Ü C K E — K L Ö C K I N G 1 9 6 6 , M A R T I N — R E E V E 1 9 5 5 ) , have been 
used, however, with unsatisfactory results. 
The aqueous solution of ethylene diamine te t raaceta te ( E D T A ; 4 % , pH = 7) was 
i r s t a p p l i e d b y D E U E L et al. ( D U B A C H 1 9 6 3 , DUBACH 1 9 6 4 , DUBACH et al. 1 9 6 1 , D U B A C H — 
МЕНТА 1963) for the extraction of humic and fulvic acids from soils. These authors 
obtained a product with low ash content only in the case of Podzols. The extract ion, however, 
required relatively large amounts of E D T A , which considerably increased the expenses in-
volved. The application of E D T A for the extraction of lowland peat (Keszthely) by the use 
of sodium hydroxide yielded raw humic acids with 8.3, 5.9, 5.7 and 2% ash content. 
A combined method of complexing with an excess amount of EDTA anion and treat-
ment with anion and cation exchange resins proved to be the most suitable procedure. 
A 1 — 2% solution (min. 0.5% and max. 5%; pH = 5 — 6) of raw brown humic acids 
(approx. 600 g) was prepared with 0 .5% sodium hydroxide or 0.1 M sodium pyrophosphate. 
This solution was mixed with an excess amount of 0.1 M EDTA. We calculated and used a 
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Table 1 
Ultimate analytical data of таю peat humic and fulvic acids 
S a m p l e 
С 
H N S a* о Ash Yie ld 
% 
Brown I-humic acid 1 4 0 . 9 5 . 0 6 2 . 8 2 1 . 8 2 . 1 3 5 . 2 1 2 . 1 3 . 0 
Brown I-humic acid 2 4 4 . 6 5 . 6 1 3 . 0 1 . 7 1 . 6 3 7 . 4 6 . 1 3 . 0 
Brown I-humic acid 3 4 1 . 7 4 . 6 6 4 . 8 1 . 9 2 . 1 3 7 . 4 7 . 4 4 . 3 
Brown I-humic acid 4 3 8 . 3 4 . 9 2 . 9 1 . 5 4 . 5 3 5 . 3 1 2 . 6 4 . 0 
Brown I-humic acid 5 3 8 . 1 5 . 6 2 . 8 1 . 7 1 . 6 4 3 . 4 6 . 8 4 . 6 
Brown I-humic acid 6 4 4 . 0 4 . 8 3 . 2 tr. 1 . 6 3 7 . 2 9 . 2 3 . 2 
Brown I-humic acid 7 4 1 . 0 4 . 7 2 . 2 1 . 7 2 . 9 3 5 . 9 1 1 . 6 6 . 0 * * 
Brown II-humic acid 1 3 6 . 0 6 . 8 1 2 . 4 5 1 . 7 2 . 0 2 8 . 6 2 2 5 1 8 . 2 
Brown II-humic acid 2 3 7 . 1 5 . 1 9 1 . 7 5 1 . 6 1 . 6 3 4 . 0 1 8 . 6 1 0 . 8 
Brown II-humic acid 3 3 2 . 5 3 . 4 1 2 . 2 1 . 5 1 . 9 3 5 . 0 2 3 . 5 2 1 . 0 
Brown II-humic acid 4 3 9 . 1 3 . 9 6 2 . 1 5 tr. t r . 3 7 . 0 1 7 . 7 1 1 0 . 0 1 
Brown II-humic acid 5 3 4 . 6 5 . 1 2 . 1 2 . 0 3 . 0 3 1 . 3 2 1 . 8 1 6 . 0 
Gray I-humic acid 3 2 . 2 4 . 3 3 . 2 — — 3 1 . 2 3 1 . 1 0 . 0 5 
Gray II-humic acid 3 8 . 7 6 . 2 2 . 5 — — 2 9 . 2 2 2 . 4 0 . 0 5 
Fulvic acid A0-level 3 4 . 9 5 . 6 8 tr .*** 2 . 0 t r . 2 7 . 0 3 0 . 2 8 0 . 1 
Fulvic acid B^-level 4 1 . 4 5 . 1 4 t r . 1 . 9 t r . 3 0 . 0 2 1 . 0 0 . 2 
* Cl-ion is a con taminan t 
** Under continuous stirring for 24 hr 
*** t r = traces 
treble amoun t of excess E D T A related to the total ash content, which, for the sake of simplici-
ty, was considered to be pure aluminium oxide. The solution was intensively stirred for 
48 hours to allow the react ion and complexing of metal ion contaminations wi th EDTA. 
The solution was passed th rough a column of strong basic anion exchange resin in hydroxide 
cycle (Amberlite IRA-400, 0 : 50 mm, height: 560 mm) at a r a t e of 500 cm3/hr. The excess 
of EDTA anions and their meta l complexes wi th negative charges were exchanged for hy-
droxyl ions. This column was directly a t tached to a strong acidic cation exchange resin in 
hydrogen cycle (Amberlite IR-120, 0 : 50 m m , height: 560 mm) and the solution was passed 
through it at the same ra t e as above. Then the non-complexed alkaline cations exchanged 
for hydrogen ions and at p H - 2.7 a pure metal-free humic acid solution could be collected 
and finally freeze-dried. 
Analytical results of pure samples are depicted in Table 2, where the numbers indicate 
raw humic acids and those marked with a prime show purified samples. 
Purification with ion exchange resins before and af ter t reatment with EDTA pro-
duced brown humic acids wi th less than 1% ash content. Analyt ical data of these products 
are listed in the last two lines of Table 2. Emission spectrum analysis data of ash are col-
lected in Table 3. 
The relatively high nitrogen content of I-humic acid pointed to the presence of con-
siderable amounts of polypeptides, which could be removed only by means of concentrated 
hydrochloric acid hydrolysis. These polypeptides cannot be separated by fractioned solution 
or precipitation at various p H values or in the form of an insoluble precipitate doped by 
divalent (e.g. calcium) or t r ivalent metal ions (e.g. iron or aluminium) ( L O G I N O W 1 9 6 1 ) .  
In the case of fractioned precipitation wi th saturated aqueous sodium sulphate solution, 
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Table 2 
Ultimate analytical data of pure brown humic acids 
Raw h u m i c a c i d s 
Ash с H N S Cl (O) Pure ample 
% 
I-humic acid 1 2 . 0 4 2 . 9 4 . 9 2 . 9 1 . 8 tr. 4 5 . 5 I-humic acid 1 ' 
I-humic acid 2 3 . 7 4 2 . 6 4 . 1 3 . 0 1 . 7 tr. 4 4 . 9 I-humic acid 2 ' 
I-humic acid 3 1 . 5 4 3 . 8 4 . 2 4 . 8 2 . 1 tr. 4 3 . 6 I-humic acid 3 ' 
I-humic acid 1 + 2 + 3 1 . 1 4 9 . 4 4 . 8 2 . 4 2 . 1 tr. 4 0 . 2 I-humic acid 6 ' 
I-humic acid 4 1 . 2 5 0 . 0 4 . 0 2 . 9 1 . 5 tr. 4 0 . 4 I-humic acid 4 ' 
I-humic acid 4 + 5 1 . 8 4 6 . 8 4 . 8 3 . 2 1 . 7 tr. 4 4 . 5 I-humic acid 5 ' 
I-humic acid 6 + 7 3 . 4 4 8 . 0 4 . 8 3 . 3 1 . 5 tr. 3 9 . 0 ï-humic acid 7 ' 
I-humic acid 1' 0 . 9 5 4 . 4 5 . 1 2 . 0 1 . 5 tr. 3 6 . 0 I-humic acid 1 " 
II-humic acid 2' 0 . 8 4 7 . 5 4 . 0 1 . 8 1 . 6 tr. 4 5 . 1 II-humic acid 2 " 
Table 3 
Emission analysis data of ash 
A s h F u l v i c acid 
I - h u m i c acid 
1' 
I I - h u m i c acid 
2" 
Ash 1.43 0.9 0.8 
Fe l io-° 5 • io-3 l • 10~3 
Cu 2 
ю-
3 1 • io-3 l • io-3 
Mn 1 io-3 io-3 io-3 
Co 1 io-3 10-6 io-6 
Ca, Mg, Al -io-1 -io-1 -io-1 
the readily precipitating fractions were found to contain somewhat more polypeptides, n o t 
sufficient, however, for quanti tat ive separation. 
The air-dry samples were hydrolysed with 6 N hydrochloric acid a t 105°C in a nitrogen 
atmosphere for 48 hours, then dried in vacuo at 70°C in the presence of phosphoric pentoxide, 
and deacidified with solid potassium hydroxide. The deacidified dry residue was dissolved 
in 0.01 N hydrochloric acid containing 0.2 M sodium chloride (5 cm3) and , after f i l t rat ion, 
was analysed on the column of an amino acid analyser (Beckman Unichrom) by a three-
buffer method. The results afforded the amino acid composition da ta depicted in Table 4. 
Naturally, such digestion involves, in addition to the hydrolysis of polypeptides, 
other significant changes, e.g. 20% loss of weight, 50% decrease in methoxy groups and near ly 
100% decrease in the number of quinone groups. Owing to the great decrease in overall weight , 
the ash content percentage increases while the amount of ash metal oxides decreases. Analyt -
ical data of the s tar t ing materials and products obtained are listed in Table 5. 
The Molish reaction performed with hydrolysed humic acid as well as the negative 
result of the iron ( I I I ) chloride test suggests that the hydrolysed produc t is practically f ree 
f rom carbohydrates and phenol-carbonic acid type contaminations. 
For the preparation of metal-free fulvic acids, raw fulvic acids were precipitated wi th 
a solution of 0.1 M copper (II) aceta te in the form of copper (II) fu lva te . The precipitate 
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Table 4 
Amino acid composition (%) of peat and peat humic acid and feeds 
P e a t I -humic I I I -humic T o r u l a Mixed 
Amino acids ( K e s z t h e l y ) acid acid y e a s t meat flour 
Lys. 4.5 6.0 4.5 7.2 4.0 
His. 2.0 1.7 2.1 2.5 2.0 
Arg. 3.3 4.6 5.8 4.2 5.3 
Asp. 16.9 17.2 16.0 — -X» 
Thr. 7.1 6.0 2.4 4.8 4.4 
Ser. 5.2 4.6 1.6 — — • 
Glu. 13.1 13.5 13.4 10.3 10.0 
Pro. 3.9 4.2 7.6 — -
Gly. 10.4 9.8 11.8 3.6 16.1 
Ala. 8.4 5.6 7.1 — — 
Val. 7.8 7.4 6.3 3.9 6.2 
Met. 1.9 1.8 tr.* 0.8 1.3 
Ile. 5.2 6.0 6.8 3.6 3.9 
Leu. 7.1 7.9 10.2 7.2 8.4 
Tyr. 1.3 tr.* tr.* 
— -
Phe 3.9 4.6 4.7 4.8 5.0 
Total N 2.0 4.8 3.5 7.5 3.5 
ot-N 1.4 4.7 0.6 — — 
Protein 8.75 30 3.8 47.2 21.5 
* Decomposing during alkaline extract ion 
Table 5 
Ultimate analytical data of I-humic acid prior to and after hydrolysis 
Sample 
С H N s Cl О Ash O C H s Quinonc 





acid 7' 48.0 4.8 3.3 1.5 t r . 39.0 3.4 2.5 1.9 4.2 2.9 
llydrolysed 
humic acid 48.8 4.5 1.8 1.9 1.6 36.0 4.6 1.4 0.0 8.4 4.8 
was dissolved in aqueous a m m o n i u m hydroxide, copper (II) a n d the contaminat ing metal 
ions were precipi ta ted with a m m o n i u m sulphide. The solution was acidified at p H = 1, the 
precipitated sulphur was f i l te red and after the ex t rac t ion of fu lv ic acid with n-butyl alcohol, 
the solvent was distilled. The analyt ical data of t he product po in t to the formation of pure 
fulvic acids wi th low ash a n d meta l contents (Table 6). 
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Table 6 
Ultimate analytical data of pure fermentation humic, hymatomelanic and fulvic acids 
Sample 





C1 s N ((>) 
Fermenta t ion humic and 
hymatomelanic acids 1.22 43.5 4.4 0.9 0.5 2.5 (47.0) 
light yellow 
Ext rac ted hymatomelanic 1.97 52.2 5.8 t r . tr. 2.1 (40.0) 
acid light brown 
Fulvic acid 1.43 38.0 5.6 t r . 3.0 tr. (52.0) 
white 
II. Metal humic compounds 
The preparation of humic, hymatomelan ic and fulvic acid compounds, salts and/or 
complexes with metal ions was carried ou t by four methods . 
1. Metal humâtes , hymatomelana tes and fulvates were prepared by neutralization 
( K O N O N O W A 1 9 5 8 , S C I I E F F E R — U L R I C H 1 9 6 0 , S C H N I T Z E R K H A N 1 9 7 2 ) . P u r e metal-free 
humic acid obtained f rom the cation exchange resin in hydrogen cycle was ad jus t ed to pH = 8 
with the aqueous solution of the corresponding alkaline hydroxide . The solution obtained 
was carefully concentrated, then freeze-dried. 
2. Divalent alkaline ear th metal, 3d-transit ion meta l and aluminium h u m â t e s were 
ob ta ined by an exchange reaction ( K O N O N O W A 1 9 5 8 , S C H E F F E R - U L R I C H 1 9 6 0 , S C H N I T Z E R 
K H A N 1 9 7 2 ) . 
The aqueous solut ion of sodium h u m a t e (100 cm3, 5 % ) was added to an approx. ten-
fold a m o u n t (200 cm3) of 1 M aqueous solut ion of metal salt (sulphate, chloride or acetate). 
Prior to the above react ion, however, 200 c m 3 of dilute sod ium humate (0.025%) was added 
to the metal salt under intensive agitation to form germs. Af te r 10 sec the 5 % sodium humate 
solution was diluted threefold and added dropwise to the inocula ted metal salt solution under 
intensive stirring. The p H value of the init ial sodium h u m a t e was adjusted to a lower value 
than t h a t of the precipi tat ion of metal hydroxide , consequently, the pH value of the aqueous 
coarse suspension was also lower. The sys tem was further ag i t a t ed for approx. 1 hour and the 
coarse suspension was allowed to stand in a sealed vessel a t r o o m temperature for one week. 
The precipi tate was then centrifuged, washed with cold distilled water and dr ied to constant 
weight in a phosphoric pentoxide exsiccator. 
In favour of the second method is i ts simplicity, while i ts disadvantage is t h a t , depend-
ing on the pH value, the meta l humate conta ins hydrogen ions, since all the above-mentioned 
p H values for precipi tat ion are below 7. On the other h a n d , i t also contains t he side ion of 
the solution, in this case, sodium ion. Na tura l ly , the higher the pH value of precipitation, 
the lower is the number of unsubst i tu ted hydrogen ions a n d the higher the a m o u n t of side 
ions (e.g. sodium ion). T h e preparation of meta l humâtes f ree f r o m side ions and other addi-
t ional ions can be carried out by method 3 ( S A P E K 1970a, 1970b, 1971). 
3. The method of ion exchange resins is suitable for t he preparation of metal humic 
systems. After sa tura t ion with metal ions the carboxyl t y p e resin is allowed to react in a 
s ta t ic or dynamic sys tem with a purif ied humic acid solut ion according to the following 
re la t ionship: 
(R-COO)2Fe + 2 H u ^ Feu2 + 2 R - C O O H 
where Hu stands for humic acid and u for the humate an ion . 
The reaction is carried out as follows. Approx. 10 c m 3 of a weak acidic earboxylic 
type cation exchange resin in H+ fo rm (Duoli t CS 101 or Amberl i te IRC 50) is saturated 
with a 0.1 M aqueous solut ion of metal sal t in a dynamic s y s t e m until the hydrogen ions are 
completely exchanged. The resin is then washed and suspended in a small a m o u n t of distilled 
water . To this suspension, a 1% solution of double ion-exchanged pure I l - l iumic acid (100 
cm 3 , a t p H = 2.7) ob ta ined from a s t rong acidic cation exchange resin in hydrogen cycle 
(Amberli te IR-120) is added dropwise u n d e r intensive ag i ta t ion . This static s y s t e m is agitated 
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for 24 hours, then the resin is separated from the metal humate suspension by means of a 
glass filter G 1. Af ter centrifugation, t he solution containing the suspension is evaporated 
and freeze-dried. A dynamic system can also be applied, in which the humic acid solution 
is allowed to pass gradually through the resin column saturated with meta l ions. 
4. The reaction between in statu nascendi formed metal ions and liumic substances 
is especially feasible when the metal ion forms a slowly reacting inert aquo complex, e.g. 
in the case of chromium(II l ) ion. The chromiiim(III)-hexaquo complex ion is practically 
unreact ive towards humic acid. The reac t ion carried out a t room temperature under constant 
agitat ion for one week produced bonds detectable by E S R only in trace amounts (see Bio-
polymer metal complex systems IV). On the other hand , the reduction of dichromate or 
Chromate ions into chromium(III) in s t rong acidic medium in the presence of humic acids 
at room temperature can be carried ou t with a strong reducing agent, e.g. hydrazine, only 
in the case of simultaneous quantitative bonding of the chromium(III) ion to the humic acids. 
This quantitative bonding occurs only when the humic acid solution is previously added 
to an excess amount of acidic dichromate solution, followed after the elapse of 1 min by the 
addi t ion of an excess amount of hydrazine sulphate solution. Similarly to the reaction with 
chromiuin(I l l ) salts, the acidic dichromate solution added to a cold or w a r m mixture of 
humic acid and hydrazine sulphate resul ted in trace amounts of bonded chromium(l l l ) ions. 
The solution of 0.1 g humic acid in 3 cm3 conc. alkaline hydroxide was acidified to 
p H = 6 with sulphuric acid. After the addit ion of 3 cm 3 0.1 M potassium dichromate solu-
tion, 1.5 cm3 1 N sulphuric acid was added and the system was vigorously shaken for 1 min. 
The aqueous solution of 5 cm3 0.1 M hydrazine sulphate was added to the mixture, which 
was kept at room temperature overnight (pH - 3), then centrifuged, washed and dried. 
Analytical data of some metal h u m â t e s are depicted in Table 7. 
Table 7 
Ultimate analytical data of metal humâtes 
S a m p l e 
M e t a l C H N s Cl (0) 
Iron I-humate 12.1 26.7 4.6 3.2 1.6 0.2 52 
Iron hyd. humate 11.8 36.7 3.4 1.1 1.1 0.1 46 
Iron II-humate 7.0 35.1 4.0 2.1 2.9 0.7 48 
Iron III-humate 13.5 39.7 3.0 2.5 2.6 0.2 37.5 
Copper I-huinate 17.1 18.2 3.7 3.2 2.0 0.3 35.5 
Copper hyd. humate 14.3 39.3 3.2 1.2 1.9 0.2 40 
Copper II-humate 11.7 36.4 3.6 1.7 1.4 0.3 45 
Copper III-humate 13.1 38.9 2.8 2.2 1.6 0.8 40 
Cobalt II-humate 4.7 35.2 3.9 1.8 0.9 2.2 51 
Cobalt I I I -humate 8.3 39.0 3.5 2.4 1.3 3.4 42 
Results 
Based on our invest igat ions wi t h good qua l i ty pea t avai lable a t Usztató-
m a j o r (near Kesz the ly , Hungary) p u r e brown h u m i c acids were obta ined by 
a p rocedure appl icable also on a n indus t r ia l scale . Alkaline e x t r a c t i o n -with 
0 . 5 % aqueous sod ium hydroxide a l lowed the r e m o v a l of several contamina-
t ions , e.g. b i t u m e n s , polysacchar ides , hemicellulose, w i thou t significant 
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degrada t ion . The yield could be increased b y cont inuous in t ens ive ag i ta t ion 
a n d b y increasing t h e concen t ra t ion of alkali t o an op t imum a m o u n t of 2 % . 
In t h e la t ter case , however, a cer ta in degree of degradat ion m u s t be t a k e n 
in to account . 
All ex t rac t ions were p e r f o r m e d at room t empera tu r e in order to avo id 
decarboxyla t ion a t higher t e m p e r a t u r e s ( the average decrease in ca rboxyl 
con t en t at the boil ing point w a s 1 mequ./g). Airing of t h e alkal ine solut ion 
or t h e appl icat ion of other oxid iz ing agents, e .g. an aqueous solut ion of hydro-
gen peroxide, did not increase t h e yield considerably. 
Raw b rown humic acids were freed f r o m their m e t a l con t amina t i ons 
by a combined m e t h o d of complex ing with an excess a m o u n t of ethylene d ia-
mine t e t r a a c e t a t e anion and t r e a t m e n t w i t h anion and ca t ion exchange 
resins . The ash a n d metal c o n t e n t of the pur i f i ed brown, I- a n d I I -humic acids 
was suff ic ient ly low (Tables 2 a n d 3) to allow physical and chemical invest iga-
t ions as well as physiological exper iments . 
A compar i son of the a m i n o acid composi t ion of p e a t a n d humic acid 
p ro te ins ob ta ined f rom Kesz the ly with t ha t of other protein sources (Table 4) 
showed t h a t lowland peats a n d h u m i c acids ac tua l ly contain t h e same species, 
a t r ans i t ion b e t w e e n bacterial a n d animal p ro te ins , due to t h e i r surpris ingly 
h igh lysine and methionine c o n t e n t . This conclusion is in accordance w i t h 
t h e microbiological origin of I - h u m i c acids f r o m soils. The hydro lys i s of h u m i c 
acids with concen t ra ted hydrochlor ic acid also caused t h e r emova l of poly-
saccharides and phenol -carboxyl ic acids. B o t h hydrolysed a n d I I -humic acids 
con ta in considerable amounts of unhydro lysed nitrogen, w h i c h is, according 
to da t a in t h e l i tera ture ( B U T L E R — L A D D 1971, F L A I G 1963, G R I S B A N E 
et al., 1972, L A D D — G R I S B A N E 1967, L A D D 1968, L A D D — B U T L E R 1969a, 
1969b, 1970, S C H A R P E N S E E L — K R A U S S E 1962), an in tegra l pa r t of h u m i c 
subs tances . These may be in t h e nucleus in a condensed or heterocyclic 
b o n d or, possibly , in a Schif f -base bond ( W I T T H A U E R — K L Ö C K I N G 1971). 
H u m i c subs tances show v a r i o u s degrees of ni t rogen c o n t e n t . The smal les t 
a m o u n t ( ~ 1 0 " " 1 % ) can be d e t e c t e d in moor wate r (fulvic acid) , 0.4 — 6 % is 
f o u n d in pea t s , 1—2% in l ign i t e and b rown coal and e v e n more in soils. 
H u m i c pro te ins containing n i t rogen in 11 —14 . 8% could be isolated f r o m 
soils by paper ch roma tog raph ic methods . Coffee humic acids show 3.5 — 
4 . 2 % N c o n t e n t , while f u n g u s humic ac ids contain n i t r o g e n in 9 % . I n 
general , n i t rogen bound t o h u m i c subs tances shows g r e a t biological re-
s is tance, the re fo re , obtaining a ni t rogen-poor and entirely protein-free h u m i c 
acid nucleus requires a v e r y radical m e t h o d , e.g. boil ing in concen t ra ted 
minera l acid, w h i c h , owing t o protein a n d es ter hydrolysis and scission of 
t h e a romat ic skeleton of t h e nucleus, involves an increase in the n u m b e r of 
ca rboxyl groups , and a decrease in the n u m b e r of methoxy a n d quinone g r o u p s 
(Table 5). E x t r a c t i o n or t r e a t m e n t with a m m o n i a leads t o a n increase in t h e 
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nitrogen con ten t , owing t o t h e reaction of ammon ium w i t h certain func t iona l 
groups of humic acids, e .g. with the oxo-group. The low nitrogen c o n t e n t of 
f e rmen ta t i on humic acid also faci l i ta ted the d is t inc t ion of this h u m i c acid 
from f u n g u s humic acids . 
The me ta l content of me ta l h u m â t e s generally increases with t h e increase 
in the p H values, owing to the g rea te r dissociation of acidic g roups . The 
amount of metal is genera l ly smaller t h a n the t o t a l ac idi ty , since t h e rest 
of the capac i t y is s a t u r a t e d by non-subs t i tu ted h y d r o g e n and side ions and 
possible m e t a l con tamina t ions . Humic m e t a l bonds m a y be ionic or covalent 
che la te - type , identified b y IR and ESR measuremen t s , Mössbauer spectros-
copy and s tabi l i ty inves t iga t ions (see Biopolymer—metal complex sys tems 
Pa r t s 1 1 1 and I V , V I N K L E R et al. 1 9 7 5 ) . 
In s tudy ing the e f f e c t of E D T A on the hydraz ine and chromium(VI) 
react ion, B E C K — D U R H A M ( 1 9 7 1 ) p r e sumed the f o r m a t i o n of a t r a n s i t i o n 
complex: t< rnarv hydraz inc-(chromium(Vl ) ) 2 -EDTA. O w i n g t o similar func t ion -
al groups, t h e format ion of a te rnary hydraz ine- (chromium(VI) ) 2 -humic acid 
t e rna ry complex may b e assumed as t h e f i r s t step of t h e reaction also in the 
case of h u m i c acids. On complet ion of t h e reaction, t h e r e is a poss ibi l i ty of 
f u r t h e r bond ing cf the func t iona l g roups (e-g- ca rboxyl ic , phenolic O H ) in 
conl ras t t o the ch romium( I I I ) -hexaquo ion which is co-ordinat ively well 
screened. 
U l t i m a t e analysis a n d funct ional g roup de t e rmina t ions of t h e humic 
acids were carried out b y classical m e t h o d s of micro a n d semi-micro analysis 
( B O R O M I S S Z A - V A R G A 1 9 7 2 ) . Metal h u m â t e s and f u l v a t e s were dissolved by 
Schulek's me thod of d iges t ion with hydrogen pe rox ide and concen t r a t ed 
sulphuric acid and the m e t a l contents were de te rmined by complexomet ry 
( S A J Ó 1 9 7 3 ) . 
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V A R I A 
INFLUENCE OF CERTAIN OIL CAKES ON THE GERMINATION PROCESS 
OF PHASEOLUS AUREUS SEEDS 
The addition of organic matter to the soil has a profound effect on many biological, 
physical and chemical processes in the soil. Oilcakes too, as organic sources of nitrogen, 
have been proved to exercise a profound effect not only in promoting the vigour and growth 
of host plants, hut also in the control of plant parasitic nematodes (SAYRE 1 9 7 1 ) , by pro-
viding the hosts with some resistance to the attack of phytonematodes (VAN D E R L A A N 1 9 5 6 ) .  
Surprisingly enough, the effect of these beneficial sources of nitrogen on the germination 
process of seeds in general has not been studied in greater detail (JAMAL 1 9 7 4 ) . The present 
study was undertaken in order to fill this gap. 
The seeds of Phaseolus aureus Roxb. var. S8 were selected to test the effect of some 
commonly used oilcakes, viz. castor (Ricinus communis L.), groundnut (Arachis hypogaea L.), 
mustard (Brassica nigra L. Koch.) and neem (Azadirachta indica Juss.). The experiment was 
conducted in 15 cm pots containing oilcake-treated garden soil. A uniform amount of oil-
cake with respect to their nitrogen content (1 g of nitrogen per kg of soil) was used in all cases. 
The pots were watered daily. After a lapse of 7 days the surface-sterilized viable seeds were 
sown in the pots at equidepth at the rate of 1000 per treatment. Seeds sown in unamended 
soil served as control. The pots were kept on glasshouse benches (temperature 28 + 4°C). 
The percentage of seed germination was noted for 6 days at an interval of 24 hours each. 
The results were statistically analysed and summarized in Table 1. 
No seed germinated under any of the treatments up to 24 hours. In a period of 2 days, 
the germination was stimulated in the neem cake amended soil by 28%. On the other hand, 
it was suppressed by 88, 85 and 20% in soil amended with castor, groundnut and mustard 
cakes, respectively. By the third day, the neem cake soil had promoted the germination 
Table 1 
The influence of castor, groundnut, mustard and neem cakes on the seed 
germination of Phaseolus aureus Roxb 
Treatments 
•Germination after 
48 hr 72 hr 96 hr 120 hr 144 hr 
А В А В А В A в A В 
Castor 66 -88 .3 310 62.7 565 - 37.8 665 -31.0 876 10.6 
Groundnut 88 -84.5 288 -66.6 499 - 45.1 599 -37.9 821 -16.2 
Mustard 455 -19.6 699 16.0 965 f 6.2 965 + 0.1 980 0.0 
Neem 722 +27.6 877 + 5.4 954 f 5.0 960 - 0.4 979 - 0.1 
Unamended 566 0.0 832 0.0 909 0.0 964 0.0 980 0.0 
С. 1). 0.05 2.9043 3.0937 2.0625 5 .8018 1.7526 
0.01 5.6804 4.5011 3.0007 8 .4992 2.5498 
* No germination after 24 hours 
A = total number of seeds germinated per 1000 seeds (each reading is a mean of 
3 replicates). 
В ; percentage increase (+) or decrease ( —) in germination over control 
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by about 5%, while the groundnut cake soil had suppressed the process by 67%, castor by 
63% and mustard by 16%. The castor and groundnut cakes, as reported earlier ( J A M A L 
1974), significantly delayed the germination of the tested seeds at the initial stages, as a 
result of the toxic ingredients released during their decomposition ( S A Y R E 1971). Although 
this suppressive effect of the above cakes remained effective even on the sixth day, the 
degree of suppression became much less. In mustard cake treatment, the process showed a 
recovery on the fourth day indicating that its apparent inhibitory effect is only transient, 
not a permanent one. The influence of different oilcakes on the germination process of Pha-
seolus aureus, therefore, appears to be variable, some stimulating, others suppressing it to 
varying degrees, particularly at the initial stages of the process. 
Since the inhibitory effects of the oilcakes tested are only transient and have prac-
tically disappeared after 144 hours, and since the delay of 72 hours caused in germination 
does not seem to have any practical importance under field conditions, their apparent adverse 
effects on germination may be overlooked and these organic sources of nitrogen may he 
recommended for field crops like Phaseolus aureus, as they have already proved to be very 
effective both in promoting the vigour of the hosts and in the control of phytonematodes. 
A similar situation has been reported in the germination of green gram seeds in relation to 
certain common neinatocides ( J A M A L — G H O U S E 1 9 7 4 ) . 
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EFFECTS OF ROOT-STOCK AND IXTERGRAFTED VARIETY 
ON CATALASE ACTIVITY IN JONATHAN LEAVES 
During the investigations the catalase enzyme activity was regarded as an index of 
the physiological state, in agreement with T O M B E S I ( 1 9 5 3 ) , K O Z M A ( 1 9 6 3 ) , M I H Á L Y F I ( 1 9 6 5 ) ,  
S A D M A N O V - N I K O K I R I S Z ( 1 9 7 2 ) , F R E N Y Ó — P Á D Y ( 1 9 7 1 , 1 9 7 2 ) and other authors. An attempt 
was made to discover how the catalase activity in the leaves of the Jonathan scion was 
influenced by its root-stock and interstocks. 
The trees examined were planted at the Szigetcsép Experimental Station of the 
University of Horticulture in Budapest a split-plot random block design at a spacing of 
7x4.5 m with 10 replications per combination. 
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100 200 400 
V. VU. IX. 
VI. VIII. X. 
V VII. IX. 
VI VII. X. 
V VII. IX. 
VI. V». X. 
600 
V VII. IX 
VI. VI». X. month 
Fig. 1. Catalase enzyme activity values for the varieties (1969 1972). 100 = M.9, 
200 M.4, 400 Malus silvestris, 600 = own-rooted Jonathan 
The own-rooted varieties included in the experiment were: M.4, M.9, Malus silvestris 
seedling, Jonathan; scions: M.9/Jonathan, M.4/Jonathan, Malus silvestris/Jonathan and 
variations of these; interstocks: M.9/M.9/Jonathan, M.9/M.4/Jonathan, M.9 /Malus silvestris/ 
Jonathan, М.4/М.4/Jonathan, M.4/M.9/Jonathan, MA/Malus silvestris/Jonathan, Malus sil-
vestris/Malus silvestrislJonathan, Malus silvestris/M.9/ Jonathan, Malus silvestris/ША/Jonathan. 
Foliage samples were taken during the vegetation period from May to mid-October 
in 1969—1972 twice a month, on a total of 12 occasions a year. Each leaf sampling was carried 
out between 9 and 11 a.m. 
The catalase activity was determined by the gasometric method of F R E N Y Ó ( 1 9 6 2 ) . 
In evaluating the catalase enzyme activity the monthly means of the activity values 
were taken as the basis, whereby the scattering was limited and the changes in the individual 
values during the vegetation period could he followed more easily. 
Physiological differences between the varieties can be characterized by the catalase 
values shown in Fig. 1. 
Own-rooted varieties. There are characteristic differences in catalase enzyme activity 
between the own-rooted varieties. The activity was most intensive in the leaves of M.4 and 
least intensive in those of M.9, while the activity in the leaves of Malus silvestris seedlings 
and Jonathan gave intermediate values. 
On a monthly average the varieties did not significantly differ in catalase activity 
during the four years. It is probably a "stochastic" phenomenon, where the varietal differ-
ences are concealed by changes caused by the uncontrolled environment, which cannot be 
studied separately. 
The catalase enzyme activity varied from year to year and in the course of the vegeta-
tion period, being influenced by meteorological factors, particularly the temperature. 
The effect of the root-stock. The values of catalase enzyme activity in the scion are 
influenced by the root-stock. The trend of catalase enzyme activity in the own-rooted varieties 
used as root-stocks (Fig. 1) is different from that in the scions (Fig. 2). 
In each case the root-stocks were found to increase the catalase enzyme activity in 
Jonathan leaves compared to that in own-rooted trees. 
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Fig. 2. Catalase enzyme activity values of scions (1969—1972). 160 M.9/Jonathan, 
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V. VII. IX. 
VI. VIII X 
l_ 
J L 
V VI. IX. 
VI. VII. X. 
V VII. IX. 
VI. VIII X. 
V. VI. IX. 
VI. VII. X. month 
Fig. 3. Changes in the catalase enzyme activity of leaves in graft combination (1969—1972). 
116 M.9/M.9/Jonathan, 126 = M.9/M.4/Jonathan, 146 = Ш.9/Malus silvestris/ Jonathan, 
600 own-rooted Jonathan 
The effects of interstocks. Interstocks further modify the catalase activity in the leaves 
of the scion, which is theoretically to be expected due to the increased complexity of the 
intergrafted tree. No conclusions can be reached, however, 011 the direction of the change. 
The standard deviation is not given in the figures as in addition to chance scattering 
the data also include the gradient (trend) related to the development. The variants were 
compared on the basis of the mean value, because the trends of catalase activity do not run 
parallel throughout the vegetation period. 
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Fig. 4. Changes in the catalase enzyme activity of leaves in graft combinations (1969—1972) 
216 = M.4/M.9/Jonathan, 226 M.4/M.4/Jonathan, 246 MA/Malus si/reslris/Jonathan, 
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"I 
I ! 
V. VII. IX. 
VI. VIII. X. 
V VII. IX. 
VI. VIII. X. 
V. VII. IX. 
VI. VIII. X. 
V VII. IX. 
VI. VIII X. month 
Fig. 5. Changes in the catalase enzyme activity of leaves in graft combinations (1969 1972) 
416 = Malus silvestris/M.9/Jonathan, 426 = Malus silvestris/МА/Jonathan, 446 = Malus 
silvestris/M. silvestris/Jonathan, 600 = own-rooted Jonathan 
Figs 3, 4 and 5 show that the interstock did not increase the catalase enzyme activity 
in the levaes of the scion. On root-stocks M.9 and M.4 the interstocks decreased the catalase 
enzyme activity in the leaves of the Jonathan scion compared to grafts with the same root-
stocks. 
Prepared at the University of Horticulture, Nursery Department, Budapest. 
J . SZALAI 
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VARIABILITY IN QUANTITATIVE CHARACTERS OF MESTA 
(HIBISCUS CANNABINUS L.) 
Before initiating a plant breeding programme to improve a crop, it is desirable to have 
a prior knowledge about the magnitude of its genetic variability. The exploitation of the 
genetic variability of a crop would require a thorough knowledge of the heritabilities and 
genetic gains of different agronomic characters. Though Mesta is a very well known hast 
fibre crop in India, the genetic variability of this crop has not been studied so far. 
An attempt has been made to elucidate this aspect of Mesta and the results are reported 
in this paper. 
30 Mesta varieties were grown in a randomized block design with 6 replications on 
the main farm of the Jute Agricultural Research Institute, West Bengal. Each plot had a 
single row, 30 m long. The distances between rows and within rows were 30 cm and 12 cm, 
respectively. Ten plants were selected at random from each (dot for observation. The follow-
ing measurements of seven quantitative characters were recorded: (1) plant height, (2) basal 
diameter, (3) number of nodes, (4) days to flower, (5) stripped green weight, (6) wood weight 
and (7) fibre weight. The mean value of 10 plants per replication was used for each character 
in the statistical analysis. 
Analysis of variance for each of these characters was computed. The genotypic, pheno-
typic and environmental variances were estimated from relevant variance components. 
In the Anova table, the expectation of the varietal mean square ( V) may be expressed as 
V — a'e -j- r where o~ = E = the mean square of the expectation of error, i.e. environ-
mental variance pertaining to plot means, % - total genetic variance and r = number of 
replications. Thus o'„ = ' . The phenotypic variance was estimated as a'b = ox + e — 
V a 2 r 
= — where — environmental variance oF varietal means. From the above estimated vari-
r r 
ances, the genotypic coefficient of variability (GCV) and the phenotypic coefficient of varia-
bility (PCV) were estimated according to the formulae suggested by B U R T O N ( 1 9 5 2 ) and 
B U R T O N — D E V A N E ( 1 9 5 3 ) . Thus 
fa ' g GCV = - x 1 0 0 
x 
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a n d 
PCV = x 100 
where x = the mean character value. 
Heritability (h2), in a broad sense, was estimated according to the method given hy 
A L L A R D ( 1 9 6 0 ) , H A N S O N et al. ( 1 9 5 6 ) and B U R T O N — D E V A N E ( 1 9 5 3 ) as follows: 
V — E 
r 
o'ph ' V V 
The expected genetic advance (GA) was estimated according to the method given 







Where s = 2.06 for 5« о of the population saved. GA was also calculated as the per-
centage of the mean. 
An analysis of covariance was made for every pair of characters studied. The genetic 
covariance component for a pair of characters was estimated in the same manner as was 
adopted in the estimation of genetic variance from the analysis of variance indicated earlier. 
To detect the degree of coinheritance of two characters "a" and " b " together, coheritability 
estimates (Cat)) were calculated according to the formula laid down by N E I ( 1 9 6 0 ) . Thus, 
Covgai, 
ab =
 n 7r 
°pha • cphb 
where CoVgQij = genetic covariance of the characters "a" and b " " 
aplia = phenotypic standard deviation of character "a" 
a
nhb — phenotypic standard deviation of character "b" 
Analysis of variance, mean, standard error, critical difference (CD) at the 5% level 
and range are presented in Table I. Stripped green weight showed the widest range of varia-
bility ( 8 5 . 5 4 — 3 5 3 . 7 3 ) , followed by plant height ( 2 3 0 . 9 6 - 3 8 9 . 7 6 ) . The least range of varia-
bility was observed for the basal diameter ( 1 . 0 9 - 2 . 0 3 ) . Statistical analysis revealed highly 
significant varietal differences for each character under study. Values of the standard errors 
show that the mean character values were dependable (Table 1). 
The estimated phenotypic and genotypic variances were highest for stripped green 
weight. Plant height came next in this respect. The genotypic variances for all the characters 
under study were lower than the phenotypic variances. Such influences were also evident 
between the two corresponding coefficients of variability. Stripped green weight, wood weight 
and fibre weight showed a GCV and PCV each of about 30 per cent. For other characters 
these were about 10 per cent (Table 2). 
Though the GCV is a very useful index of the potential advance latent in the popula-
tion for measuring the range of genetic diversity of any available genetic material in respect 
of each character, it cannot determine the heritable portion of variation. B U R T O N ( 1 9 5 2 )  
suggested that the GCV together with heritability estimates would give the best picture 
of the amount of advance to be expected by selection pressure to a population in separating 
genotypes on the basis of the phenotypic expressions. Days to flower showed the highest 
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Table 1 
Analysis of variance and phenotypic variation for each of the seven agronomic characters of Mesta 
















Blocks 5 4883.6000 344.1400 0.1409 207.0200 10509.4000 397.1420 38.5728 
Varieties 29 10124.6200** 719.1586** 0.3641** 2797.8310** 38792.9310** 1526.2544** 195.0725** 
Error 145 1282.3034 181.1841 0.0750 244.2621 5760.5655 251.7932 53.8079 
Mean — 330.02 105.90 1.67 164.06 250.01 42.61 16.99 
Standard 
error 14.62 5.50 0 . 1 1 6.38 30.99 6.48 2.99 
Critical 
difference 
(CD) at 5% 
level 40.52 15.23 0.31 17.69 85.89 17.96 8.30 
Range 
— 
230.96- 389.76 76.40-120.55 1.09-2.03 114.38-212.98 85.45-353.73 11.36 -71.00 5.03-25.63 
** Significant both at the 5% and 1% levels. 
Table 2 

















Phenotypic variance 1687.4366 0.0607 119.8598 466.3052 6465.4885 254.3757 32.5121 
Genotypic variance 1473.7194 0.0482 89.6624 425.5948 5505.3943 212.4102 23.5441 
Environmental variance 213.7172 0.0125 30.1974 40.7104 960.0942 41.9655 8.9680 
Phenotypic coefficient of variability 
(PCV) 12.45 14.75 10.34 13.16 32.16 37.43 33.56 
Genotypic, coefficient of variability 
(GCV) 11.63 13.14 8.94 12.57 29.68 34.20 28.56 
Heritability % (h2) 87.33 79.40 74.81 91.27 85.15 83.50 72.42 
Genetic advance (GA) 73.90 0.40 16.87 40.60 141.04 27.43 8.51 
Genetic advance as percentage of mean 22.39 24.13 15.93 24.75 56.41 64.37 50.09 
V A R I A 2 8 1 
heritability (91.27 per cent), followed by plant height, stripped green weight and wood weight, 
which were almost equal in this respect. Heritabilities for the remaining three characters 
were between 70 and 80 per cent (Table 2). This indicates that the former three characters 
might be more helpful for an efficient selection system. J O H N S O N et al. (1955) reported that 
heritability values together with the genetic advance were more useful than the heritability 
alone in predicting the effect of selection. 
Stripped green weight exhibited very much the highest genetic advance (141.04) 
followed by plant height (73.90). The values of GA for wood weight and days to flower were 
moderately high and were low for other characters (Table 2). The highest genetic advance 
means that the maximum genetic progress might be expected in stripped green weight. 
Heritability and genetic advance did not follow the same trend hut showed fluctuations. 
Plant height and stripped green weight had heritability values of a higher order, combined 
with genetic advances also of a higher order. The association might be due to the presence 
of additive gene effects ( P A N S E 1957), indicating that a reasonable amount of progress can 
be made in the improvement of these characters, which are also main yield components. 
Basal diameter, number of nodes/plant and wood weight had low values of GA, indicating that 
the expression of these characters were conditioned by non-additive genes ( P A N S E 1957). 
In order to study the smaller differences, as well as the relative efficiency, in selec-
tion among the traits under study, GA as the percentage of the mean will be more meaning-
ful, since it is composed of the selection differential, the GCV (potential advance) and the 
square root of the heritability (efficiency of the selection system). It was observed that 
stripped green weight, wood weight and fibre weight had genetic gains of a higher order, 
indicating that improvement would certainly he possible in these characters. The number 
of nodes had the lowest GA as a percentage of the mean, indicating less scope for selection 
since it was under environmental influence. Although plant height, basal diameter and days 
to flower have comparatively low genetic gains, there is scope for improvement to a limited 
extent. 
Therefore it appears that for stripped green weight, wood weight and fibre weight 
individual plant selection should be effective and satisfactory for practical purposes. 
N E I ( 1 9 6 0 ) pointed out that the genetic systems of the organic characters may never 
be independent of each other and, therefore, every character is inherited accompanying another 
character. To measure this statistical phenomenon, the coheritabilities of different pairs of 
characters under study are presented in Table 3. Days to flower showed a negligible amount 
of coheritahility with other characters, indicating that selection for this character could not 
T a b l e 3 
















Plant height 64.72 56.17 15.13 73.58 75.45 74.96 
Basal diameter 
— 47.04 11.91 78.75 75.06 74.80 
Number of nodes per plant 
- — 7.50 56.30 54.20 61.61 
Days to flower 
— — — 7.93 5.50 4.46 
Stripped green weight 
— — — 
- 79.54 76.94 
Wood weight 
— — — — 
75.73 
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predict the amount of change in another. It was observed that coheritability estimates of 
the number of nodes with any other character were moderately high, but other pairs of char-
acters had a relatively high coheritability. This phenomenon suggests that the selection of 
one of the characters, such as plant height, basal diameter or number of nodes, would result 
in the simultaneous selection of stripped green weight, wood weight and fibre weight (Table 3). 
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FRUCTIFICATION AND NUMBER OF SEEDS PER FRUIT IN PEAR VARIETIES 
The quality of fructification and the sexual incompatibility of the varieties can be 
characterized by the number of normally developed seeds capable of germinating. When 
studying the sterility and incompatibility conditions of pear varieties most authors publish 
the extent of fruit production and number of full seeds too (KAMLAII 1 9 2 8 , KOBEL— STEIN -
E G G E R 1934 , K O B E L et al. 1939 , C R A N E — L E W I S 1 9 4 2 , BREVIGLIERI BALDASSARI 1 9 5 6 ,  
B L A J A 1962 , VONDRACEK 1962; in Hungary NAGY 1 9 6 0 , N Y É K I 1970 and BRÓZIK— N Y É K I 
1 9 7 1 ) . According to the literary data the number and quality of seeds developing in a fruit 
vary according to the pollen of the pollen variety, which is influenced by the ecological 
factors of the different years and the condition of the tree. 
Comparative data on the fruitfulness of pear varieties and the number of full seeds 
per fruit are deficient in the literature, only C R A N E — L E W I S ( 1 9 4 2 ) and N A G Y ( 1 9 6 0 ) analysed 
the varieties for these properties. 
CRANE—LEWIS ( 1 9 4 2 ) obtained the following fruit setting percentages and numbers 
of viable seeds per fruit in pear. 
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2 X selfing 0.3 1.5 
3 X selfing 0.2 0.1 
4 X selfing 14.5 4.1 
2X x 2X 5.6 6.6 
2X x 3X 3.6 3.2 
3X x 2X 5.6 1.3 
3X x 3X 0.8 0.5 
2X x 4X 7.8 5.9 
4X x 2X 19.0 5.8 
B R I T T A I N — E I D T (1933) pointed out in apple that the crossings of ЗХхЗХ were 
sterile. When triploids were used as a seed parents, the seeds germinated in a much lower 
percentage than when the seed parents were diploid. 
The number of full seeds and seedlings obtained from the different combinations is 
important from the aspect of breeding too. B R O O K S et al. ( 1 9 6 7 ) gave an account of having 
obtained 0 . 6 5 seeds per flower front 7 1 , 0 0 0 flowers pollinated in the course of crossing pears. 
According to their calculations 230 hand pollinated flowers are required to obtain 100 seedlings. 
The number and quality of seeds determine the amount of yield and the commodity 
parameters of fruits too. H E I N I C K E ( 1 9 1 7 ) observed in apple, and Tu K E Y ( 1 9 3 6 ) in stone 
fruits that the uneven distribution of the seeds resulted in the asymmetry of the fruits. 
T U F T S H A N S E N ( 1 9 3 3 ) found a negative correlation between the number of seeds and the 
length/width ratio of the fruits in Vilmos pear. There was a positive correlation between the 
number of seeds and the diameter of the fruits. According to S C H A N D E R ( 1 9 5 5 C ) the fruit 
index of the pear variety Conference was the larger the mere empty seeds were contained in 
the fruit. S C H Ä N D E R ( 1 9 5 6 ) pointed out that the increase of the number of seeds beyond 
an optimum level no longer results in a further increase of the fruit weight. L U C K W I L L ( 1 9 5 9 )  
found in certain varieties that the correlation between fruit size and seed number was con-
cealed by an inclination to parthenocarpy, while in other varieties both negative and positive 
correlations are known. According to the data published by S C H Ä N D E R ( 1 9 5 6 ) if the seeds 
are few in number they have a stimulatory effect on the development of the fruit, while the 
presence of many seeds may suppress the growth of the fruit due to a contention for the 
available carbohydrates. 
Results of investigations ( R O D R I G U E S 1952, S C H Ä N D E R 1955a) show a correlation 
between the seed number per fruit and the fruit weight, as well as between the seed weight 
and fruit weight. The number of seeds influences the chemical composition of the fruit and 
the time of ripening too ( L U C K W I L L 1959). According to M U R N E E K (1954) fruits containing 
less than 3 seeds drop. VISSER (1955) pointed out that fruit drop in June was in an inverse 
ratio, while fruit size at harvesting time in a direct ratio to the seed content of fruits. 
The results of investigations made in 1968 and 1969 to clear up the fructification con-
ditions of pear varieties were published in 1 9 7 1 ( B R Ó Z I K - N Y É K I 1 9 7 1 ) . 
In the present work we relied partly on the results of these investigations, partly 
on further studies performed in 1970 of which the results have not been published so far. 
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Tabic 1 







|»nrent (J) Вове Clapp Diel Dupuit asszony 
Harde 
p o n t 
n-
г 
I 2 3 4 5 
1968 4.8 : 5.0* 0.0 : 2.7 : 7.0 3.5 : 4.0 
1. Bosc 1969 — 9.9 : 4.8 0.0 : — 3.2 : 2.0 3.9 : 4.2 
1970 
— — — 
1968 — 5.0 : 6.0 3.5 : 2.0 
2. Clapp 1969 4.2 : 8.8 — 0.0 : — 23.2 : 6.6 10.5 : 7.7 
1970 1.4 : 6.0 
— 
8.1 : 4.0 20.3 : 7.2 
1968 1.8 : 1.0 1.5 : 1.0 0.0 : 2.9 : 1.5 




— — — 
1968 12.5 : 7.0 8.6 : 7.4 0.0 : — 11.8 : 5.2 
4. Dupuit asszony 1969 3.5 : 4.5 2.3 : 0.0 2.1 : 0.0 — 5.0 : 3.8 
1970 4.3 : 0.0 
— — — 
1968 — 2.4 : 3.5 0.0 : — 5.5 : 6.5 
5. Hardenpont 1969 15.6 : 5.4 10.2 : 3.0 4.6 : 0.0 10.0 : 6.8 — 
1970 1.7 : 3.2 7.8 : 3.4 
— 
3.5 : 2.1 
1968 0.0 : _ 0.0 : _ 
6. Hardy 1970 
— — 
0.0 : _ _ 
— 
1968 — 0.0 : 0.0 : — 5.4 : 0.0 0.0 : _ 
7. Nemes 1969 — — 16.7 : 0.0 — — 
Krasszán 1970 
— — 
18.2 : 0.0 
— — 
1969 — 3.0 : 1.0 _ -
8. Pap körte 1970 
— - - — 
1968 — 6.9 : 8.0 — 0.0 : - 0.0 : _ 
9. Pringalle 1969 8.0 : 6.0 10.6 : 1.6 14.1 : 6.2 18.4 : 5.4 
1970 
— 
12.2 : 3.0 3.9 : 8.5 5.5 : 7.8 
1968 0.0 : 0.0 : — H.i ; 3.5 : 1.5 1.9 : 4.0 
10. Serres Olivér 1969 — — 10.0 : 0.0 — — 
1970 
— 
2.9 : 0.0 4.4 : 0.0 
— 
— 
1968 — 0.0 : 1.3 : 1.0 
11. Téli esperes 1969 4— — 3.3 : 0.0 — — 
1970 
— 
3.1 : 0.0 0.0 : 
— — 
1968 4.6 : 2.0 0.0 : — 
12. Vilmos 1969 16.9 : 7.3 12.5 : 4.3 0.0 : 30.4 : 8.1 12.5 : 7.8 
1970 7.8 : 4.1 5.5 : 2.0 8.9 : 6.0 7.4 : 5 
Note: * = the first figure is the percentage of fruit production, 
The examinations were performed between 1968 and 1970 at the Érd-Elvira station 
of the Horticultural Research Institute with pear varieties grafted to wild pear seedlings 
planted in 1953, on five trees per variety. 
Of the pollinations made to clarify the conditions of fructification in pear varieties 
Table 1 presents the fructification percentages and numbers of full seeds per fruit of 12 pear 
varieties. 
For the examinations the flowers were isolated at the white bud stage. The flower 
buds were isolated at the medium height of the crown with parchment bags of 25 X 35 cm. 
In each crossing combination 100—500, occasionally even more flowers were pollinated. 
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and the number of full seeds per fruit 
Hardy N e m e s 
K r a s s z ú n 
P a p k ö r t e Pr ingal le Ser res Olivér T é l i esperes V i l m o s 
6 7 8 9 10 11 12 
2 . 9 : 3 . 5 0 . 0 : - 5 . 6 4 . 3 1 1 . 5 : 4 . 1 0 . 0 : 
— 0 . 0 : 0 . 0 : — 0 . 0 : - 3 . 6 : 2 . 8 6 . 9 : 7 . 0 
— — 
4 . 2 : 1 . 0 
— — — 
0 . 0 : — — 4 . 9 : 2 . 7 — 0 . 0 : 
— 5 . 4 : 2 . 0 1 . 6 : 0 . 0 1 2 . 2 : 7 . 7 5 . 8 : 5 . 0 0 . 0 : — 1 4 . 9 : 2 . 6 
— — 
4 . 7 : 0 . 2 2 . 7 : 1 . 0 3 . 4 : 1 . 0 
— — 
2 . 3 : 0 . 0 0 . 0 : - — 0 . 0 : - 3 . 7 : 1 . 0 0 . 0 : 0 . 0 : 
— 0 . 0 : - 0 . 0 : — — 1 3 . 2 : 2 . 0 1 1 . 3 : 2 . 0 — 
3 . 2 : 2 . 0 7 . 1 : 1 . 6 
— — 
5 . 6 : 2 . 0 4 . 7 : 0 . 7 
— 
9 . 5 : 3 . 2 0 . 0 : - — 2 1 . 9 : 3 . 9 1 3 . 5 : 6 . 4 .— 1 0 . 0 : 6 . 0 
— — 
7 . 5 : 4 . 8 9 . 1 : 3 . 5 
— 
6 . 3 : 6 . 5 
0 . 0 : - 0 . 0 : - 1 . 8 : 4 . 0 6 . 0 : 4 . 7 0 . 0 : 
— 5 . 9 : 2 . 0 6 . 1 : 0 . 3 1 6 . 9 : 6 . 3 7 . 0 : 5 . 0 1 . 9 : 8 . 0 1 5 . 6 : 5 . 6 
— 
0 . 0 : 
— 
9 . 1 : 5 . 1 
— — 
7 . 1 : 2 . 4 
— — 2 . 4 : 1 0 . 0 0 . 0 : 
— 
1 2 . 1 : 6 . 0 
— — 
2 . 1 : 0 . 0 6 . 2 : 0 . 0 
— 
4 . 0 : 0 . 0 — 4 . 7 : 1 . 3 4 . 6 : 1 . 5 0 . 0 : 0 . 0 : 
3 . 1 : 1 . 6 — 5 . 8 : 1 . 0 — 1 3 . 2 : 0 . 5 1 3 . 3 : 1 . 3 1 8 . 2 : 2 . 4 
2 . 4 : 0 . 0 
— — 
-
9 . 1 : 0 . 0 6 . 0 : 0 . 0 
— 2 8 . 8 : 1 . 3 — 3 . 3 - 0 . 3 3 7 . 5 : 2 . 0 1 6 . 1 : 0 . 6 
— 
4 . 1 : 0 . 2 
— — 
7 . 8 : 0 . 0 5 . 7 : 0 . 1 
— 
0 . 0 : - — — _ 4 . 7 : 6 . 3 0 . 0 : — 1 . 3 : 7 . 0 
— — 
1 7 . 6 : 0 . 5 
— 
1 4 . 1 : 5 . 4 
— 
9 . 4 : 5 . 8 
0 . 0 : - 0 . 0 : - 0 . 0 : - 0 0 : 0 . 0 : 
— 6 . 0 : 4 . 6 1 3 . 3 : 0 . 0 • — _ 1 1 . 5 : 5 . 4 5 . 7 : 2 . 7 
0 . 0 : 3 . 2 : 0 . 0 0 . 0 : 
— - — — 
4 . 2 : 5 . 0 — — _ 0 . 0 : ' — 0 . 0 : — 
— 1 2 . 5 : 2 . 1 2 . 4 : 0 . 0 — 1 1 . 1 : 3 . 0 — 1 1 . 9 : 4 . 1 
4 . 8 : 0 . 6 0 . 0 : 4 . 2 : 0 . 0 6 . 0 : 0 . 5 
0 . 0 : 0 . 0 : - — 0 . 0 : - 0 . 0 : - — 
— 2 5 . 8 : 4 . 6 9 . 5 : 1 . 0 3 4 . 0 : 7 . 1 1 1 . 5 : 5 . 7 0 . 0 : — 
— 
3 . 0 : 0 . 0 2 . 8 : 7 . 3 
— — — 
the figure after the colon is the number of full seeds per fruit 
Crossing was carried out with the techniques described by R U D L O F F — S C H A N D E R L ( 1 9 5 0 )  
a n d K O B E L ( 1 9 5 4 ) . 
The pollination was carried out when the stigmae were shiny, using collected pollen. 
Pollinations of each combination were performed on five trees per variety, in even distribu-
tion according to the four cardinal points. After flowering had been completed the stigmae 
turned into brown in the isolators — the isolators were removed. Evaluation of fruit setting 
was carried out on three occasions: after the clearing and the June fruit drop, and at the 
time of fruit ripening. The present paper gives the percentage proportion of ripe fruits to 
the total number of pollinated flowers, for each combination. 
8* Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
2 8 6 VARIA 
Fig. 1. Frequency of fructification groups (1968- 1970) 
In ripe fruits originating from various combinations the number of carpels and that 
of full and empty seeds per carpel were counted. The paper presents the average number 
of full seeds (containing embryo and endosperm) per fruit for each combination separately. 
Fruits perfectly free of seed, or only containing tubes consisting of seedcoats were regarded 
as parthenocarpic. 
The extent of fructification and the number of full seeds per fruit are shown in Table 1. 
In the columns of the Table the first figure represents the percentage of fruit production 
to the number of pollinated flowers, while the figure after the colon shows the average number 
of full seeds per ripe fruit. 
Table 2 shows the extent of fruit production and the average number of full seeds per 
fruit in the different combinations. During the investigations the lowest percentage fruit 
setting was obtained in 1968, and the highest in 1969 (Table 1 and Fig. 1). The average number 
of full seeds — like the extent of fruit production — varied from year to year. In 1968 the 
highest number of full seeds per fruit (10.0) was found in the combination of Hardy X Prin-
galle, in 1969 in Clapp X Bosc (8.8) and in 1970 in Pringalle x Dupuit asszony (8.5). 
When comparing the number of full seeds to the extent of fruit production we can 
see that a poor fructification (lower than 3 per cent ripe fruit) may be accompanied by a 
high number of full seeds per fruit. E.g. in 1968 in the combination Hardy X Pringalle 10.0 
full seeds per fruit were found beside a 2.4 per cent fructification. The same tendency was 
shown in 1968 by the combination of Pringalle xVilmos (1.3 : 7.0), and in 1969 by Ilarden-
pont xTéli esperes (1.9 : 8.0). 
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Table 2 
Extent of fruit production and number of full seeds 
per fruit in the different combinations 
(1968 -1970) 
Number of full seeds 
Year 
Fruit production (%) 
per fruit 
1 . 1 - 3 3 . 1 - 5 5 1 10 over 10 
1968 1 1 — 
0 1969 4 2 1 2 
1970 4 4 4 1 
1968 3 1 — — 
0 . 1 - 1 1969 1 1 3 2 
1970 1 7 2 
-
1968 1 — — 







2.1-3 1969 — 1 1 5 
1970 
— 
1 1 1 
1968 4 1 1 1 




1968 — 2 2 1 







1 1 1 
5.1-6 1969 2 6 
1970 1 3 
-

















— - — -









9.1-10 1969 — - — -
1970 
- - — 
-
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On the other hand, a high percentage fructification (more than 10 per cent ripe fruit) 
may be accompanied by a low number of full seeds per fruit. In 1969 the following com-
binations were remarkable in this relation: Pringalle X Pap körte (17.6 : 0.5), Nemes Krasz-
szán X Serres Oliver (13.2 : 0.5), Pap körte X Vilmos (16.1 : 0.6), Pap körte X Nemes Krasszán 
(28.8 : 1.3) and Nemes Krasszán X Téli esperes (13.3 : 1.3). 
Examinations on the seed content were also suitable to point out parthenocarpic fruit 
setting. The combination of Nemes Krasszán X Diel, Serres Olivér X Diel and Téli esperes X 
Pap körte showed parthenocarpic fruit setting. 
M A L I G A ( 1 9 6 6 ) pointed out in quince that the number of seeds was characteristic of 
the fertilizing ability of the pollen variety, and of the extent of sexual affinity between the 
two varieties (mother component and pollen donor). According to N A G Y ( 1 9 6 0 ) the number 
of full seeds per fruit — besides the percentage of fruit production provides further pos-
sibilities of comparing varieties for productivity. 
The variety whose pollen produces more fruits relative to the number of pollinated 
flowers is considered a better pollen donor for all varieties. Of two pollen varieties showing 
the same percentage of fruit production, the one producing more seeds per fruit is regarded 
as better ( M A L I G A 1 9 6 6 ) . 
According to our investigations the number of full seeds per fruit was different in the 
seed varieties. On the average of the years the number of full seeds per fruit was low in the 
varieties Pap körte, Diel, Nemes Krasszán, Téli esperes and Serres Olivér (below 3.0); medium 
in Bosc, Dupuit asszony, Hardenpont and \ilmos (3.0 4.0): high in Clapp, Hardy and 
Pringalle (over 4.0). 
When examining the number of full seeds per fruit in the pollen parents, few full 
seeds (below 3.0) were found in the varieties Diel, Pap körte, Hardy, Nemes Krasszán, Serres 
Olivér and Téli esperes: a medium number of full seeds ( 3 . 0 — 4 . 0 ) in Clapp and Vilmos; and 
many full seeds (over 4.0) in Hardenpont, Dupuit asszony, Pringalle and Bosc. According 
to the data obtained by N A G Y ( 1 9 6 0 ) in the pear varieties the physiologically more active 
pollen produced more full seeds. 
On the basis of the extent of fruit production and number of full seeds per fruit a 
one-sided incompatibility was shown by the combinations Bosc X Pringalle and Serres Oli-
vér X Clapp. 
Mutual incompatibility between the varieties was observed in the combinations 
Diel X Dupuit asszony and Serres Olivér X Hardy. 
Prom the results of the investigations the following conclusions can be drawn. In the 
pear varieties the number of full seeds normally developing in a fruit is suitable for the 
characterization of the quality of fructification, and the sexual affinity of the mother com-
ponent and the pollen donor variety. When the number of full seeds is known further pos-
sibilities are offered to choose the optimum pollen variety combinations. The pear varieties 
produced very poor yields and develop few full seeds when the pollen variety is triploid. The 
number of full seeds per fruit like the extent of fruit production — varies from year to 
year in the pollen variety combinations under the influence of the ecological factors. Owing 
to occasional parthenocarpic fruit formation occurring in pear seed, content examinations 
are required which are also suitable for sorting out the parthenocarpic, incompatible and 
interincompatible combinations. When choosing the pollen varieties taking the simultaneous 
flowering and extent of fruit production in consideration as well preference has to be given 
to pollen donors producing a higher number of full seeds. 
* 
Prepared at the University of Horticulture, Department of Plant Breeding, Budapest. 
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FUNGI ASSOCIATED WITH SEEDLING 
AND POD-ROT OF PEANUT IN EGYPT 
Peanut (Arachis hypogaea L.) is one of the most important legumes in Egypt for 
human consumption. It is subject to several diseases; however, those which cause seedling 
and pod-rot are the most common and serious. Rhizoctonia solani Kuhn and Sclerotium rolfsii 
Sacc. were found to be the most prevalent soil contaminants in this respect ( B E A T T I E et al. 
1 9 5 4 , C R U Z et al. 1 9 6 2 , C A M P A C C I — F I G U E I R E D O 1 9 6 4 , M A I N 1 9 6 6 ) . During infection by these 
major fungi, several other soil-borne organisms can enter the plant, resulting in more de-
terioration of the pods either in the field or during storage. Accordingly, storage rots due to 
these pathogens also constitute another serious problem of peanut production ( J A C K S O N 
1 9 6 3 , B A R N E S - Y O U N G 1 9 7 1 ) . 
The causal fungi of seedling and pod-rot in the field and during storage were isolated 
in the present investigation. Their pathogenicities were also investigated. 
Samples of diseased seedlings were collected several days after emergence from dif-
ferent fields in El-Sharkia, Giza and Assiout Provinces. Pre-harvcst pod-rots were also isolated 
from fruits of diseased plants which showed foliar chlorosis. Storage pod-rots were detected 
from samples of pods gathered from lots stored for 6 months representing different peanut 
growing areas as well as from The Agriculture Quarantine Warehouses at Alexandria. Isola-
tion was carried out on Martin's rose bengal agar medium, and the developing mycoflora 
were microscopically examined and identified as usual. 
The pathogenic capability of the prevalent fungi tested in sterilized sandy soil 
in pots, using the peanut Giza 1 variety which was found to be highly susceptible to the 
disease in the field. Inoculum was added either singly or in all possible combinations. 
Inocula were prepared on a sandy-hurley medium. Soil infestation was achieved by 
mixing the inocula with the upper layer of the soil at the rate of 4% of soil weight for seedling 
infection. The amount of inocula was reduced to 2.4% of soil weight to raise the amount of 
escaped plants to about 40—50% to give accurate information about pod infection. 
Seedling-rot (damping-off) fungi. Fungi associated with diseased peanut seedlings 
collected from different growing areas are recorded in Table 1. 
It is obvious from the data presented that Rhizoctonia solani is the most prevalent 
fungus isolated from diseased peanut seedlings at El-Sharkia and Giza farms. It was found 
to be in the order of 82 and 78%, respectively, of the examined seedlings from the areas 
mentioned. On the other hand, this fungus was inferior in its occurrence in seedlings obtained 
from Assiout fields, as it appeared in about 23% of the examined seedlings. In the latter 
area however, Sclerotium rolfsii was found to be the prevailing fungus attacking peanut 
growing areas. In the other two Governorates, namely El-Sharkia and Giza, the pathogen 
was detected at a very low frequency. A. niger and A. flatus also occurred in association in 
the diseased seedlings in all the examined areas, with a frequency ranging from 8 — 49%. 
Rhizopus nigricans was also found in 10 - 4 7 % of diseased seedlings. Trichoderma lignorum, 
which has been recorded as a parasite for many plant pathogens, was found in all examined 
areas but with a low frequency (6—12%). Other fungi such as Pénicillium spp., Helmintho-
sporium spp., Sclerotium batiticola and the unidentified Phycomycetes were also recorded at 
very low frequencies. Different species of Fusarium were also isolated from the previous 
areas with a relatively high frequency in El-Sharkia (47%), Giza (36%), and Assiout (12%). 
Preharvest pod rot fungi. Thirty days before harvest, mature pods collected from 
diseased plants from fields of the areas mentioned were shelled and the frequency of isolated 
fungi from diseased shells and seeds was recorded (Table 2). 
Results showed that the fungus R. solani followed the same pattern in its occurrence 
in the pods of the diseased plants in El-Sharkia and Giza, but occurs with low frequency in 
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Table 1 
Frequency of occurrence of various fungi associated 
with seedling-rot of peanut in different growing areas 
Frequency of seedl ings 
invaded by var ious fungi 
El-Sharkia Giza Assiout 
Rhizoctomia solani 82 78 23 
Sclerotium rolfsii 3 3 75 
Fusarium ssp. 47 36 12 
Sclerotium batiticola 16 13 20 
Unidentified Phycomycetes 24 24 16 
Aspergillus niger 30 49 16 
Aspergillus flavus 13 10 8 
Rhizopus nigricans 47 26 10 
Pénicillium spp. 3 8 2 
Trichoderma lignorurn 10 6 12 
Helminthosporium s p p . 0 0 9 
Table 2 
Frequency of occurrence of various fungi found in 
association in shells and seeds of infected preharvest 
pods of diseased plants in different growing areas 
Frequency of pre-harvest pods invaded by various 
fungi 
El-Sharkia Giza , Assiout 
« A в A в 
Rhizoctonia solani 73 31 66 25 27 10 
Sclerotium rolfsii 5 3 10 2 67 61 
Fusarium ssp. 71 36 76 70 53 40 
Sclerotium batiticola 25 10 12 7 42 30 
Unidentified Phycomycetes 14 5 18 5 4 2 
Aspergillus niger 48 27 43 25 41 21 
Aspergillus flavus 27 11 10 8 22 13 
Rhizopus nigricans 17 0 9 0 4 0 
Pénicillium spp . 4 0 3 0 2 0 
Trichoderma lignorurn 13 3 8 0 10 
Helminthosporium s p p . 0 0 0 0 30 15 
A = shells, В = seeds 
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Table 3 
Frequency of occurrence of various fungi found in association 
in shells and seeds of stored fruits from different storages 
Fungi 
Percentage of stored pods from ditferent s torages 
invaded b y various fungi 
El-sharkia Giza Assiout Alex. Quarant. 
A В A в A I! A в 
Rhizoctonia solani 78 42 71 32 31 19 93 53 
Sclerotium rolfsii « 5 13 9 69 55 12 11 
Fusarium s pp . 77 48 86 70 55 42 74 63 
Sclerotium batiticola 33 27 15 10 42 16 16 11 
Aspergillus niger 50 33 49 33 44 41 32 26 
Aspergillus flatus 31 21 15 12 29 22 19 15 
Aspergillus ssp. 20 15 13 12 11 8 68 43 
Rhizopus nigricans 21 2 13 0 8 0 10 0 
Trichoderma lignorum 15 6 12 5 17 9 10 7 
Pénicillium spp . 8 7 7 7 5 4 13 10 
A = shells, В = seeds 
Assiout. This fungus was generally isolated more frequently from shells than from seeds. 
S. rolfsii was prevalent only in Assiout in both shells and seeds. The other fungi showed the 
same tendency of occurrence as in the seedlings, but were more frequent in the shells than 
in the seeds. 
Storage pod-rot fungi. Samples from the studied areas, as well as from The Agri-
culture Quarantine at Alexandria, were shelled, after the usual storing of peanut pods. The 
frequency of occurrence of fungi from the diseased shells and seeds of visually rotten fruits 
are presented in Table 3. 
The data showed that all fungi isolated from pods before harvest were also recorded 
during storage. R. solani and S. rolfsii showed the same high frequencies as mentioned before 
storage. Shells did not show a significant increase over those of preharvest pods in fungal 
infection by the indicated fungi, but seed infection has a tendency to increase during storage, 
specially by storage fungi such as A. flatus, and Aspergillus spp. as well as Pénicillium spp. 
a n d Fusarium s p p . 
Pathogenic capability of isolated fungi on seedlings and fruits. The pathogenic capa-
bility of fungi isolated from peanut seedlings and pods was determined as indicated by the 
percentage of seedling and pod infection (Table 4). 
Results showed that all isolates of both R. solani and S. rolfsii from the different 
peanut growing areas were highly pathogenic to the peanut plants, either during seedling 
or fruiting stages. These fungi showed their high pathogenic capability cither alone or associated 
with the other fungi included in the mycoflora. Fusarium spp. were found non-pathogenic 
to seedlings if present alone, but they were moderately pathogenic during the seedling stage, 
where about 15% pod-rot was obtained with Fusarium isolated from pods collected from 
Giza. Oil the other hand, S. batiticola was found non-pathogenic to both seedlings or pods 
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Table 4 
The pathogenic capability of fungi isolated from peanut 





Pod infect ion , 
% 
R. solani 88 80 
S. rolfsii 89 61 
Fusarium spp. 0 15 
S. btttiticola 0 0 
A. niger 32 10 
A. flavus 18 8 
T. lignorutn 0 0 
R. solani -j- S. rolfsii 100 83 
R. solani Fusarium s p p . 90 88 
R. solani S. batiticola 93 87 
R. solani \ A. niger 97 84 
R. solani + A. flavus 98 78 
R. solani -j- T. lignorum 79 70 
S. rolfsii • Fusarium s p p . 91 70 
S. rolfsii - S . batiticolu 94 65 
S. rolfsii --}- A. niger 96 69 
S. rolfsii + A. flavus 90 66 
S. rolfsii \- T. lignorum 77 51 
Fusarium spp. - j- S. batiticola 0 17 
Fusarium spp. j- A. niger 38 23 
Fusarium spp. + A. flavus 21 18 
Fusarium spp. + T. lignorum 0 7 
S. batiticola -j- A. niger 22 11 
S. batiticola -}- A. flavus 22 11 
S. batiticola T. lignorum 0 0 
A. niger -j- A. flavus 40 17 
A. niger -j- T. lignorum 20 9 
A. flavus T. lignorum 13 7 
Mixed fungi 100 92 
Control 0 0 
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of peanut. Other fungi, such as A. niger, were found to be more pathogenic than A. flavus 
to both seedlings and fruits from all areas under study, where the percentage of rotted seedlings 
ranged between 15 to 32°,j, while the percentage of pod infection was between 8 to 13%. 
These figures were increased by the association of these fungi with Fusarium spp., S. batiti-
cola, or both together. T. lignorum was found non-pathogenic to seedlings or pods when present 
alone in the soil. Its presence however, with other fungi such as R. solani, S. rolfsii, A. niger, 
A. flavus or Fusarium resulted in a marked decrease in the percentage of seedling damping-
off or pod-infection. 
Recently, seedling and preharvest pod-rot has become the most important disease 
of peanut in Egypt and many other parts of the world. Studying the mycoflora of the infected 
seedlings and preharvested pods obtained from different localities revealed that R. soluni, 
S. rolfsii and several other associating fungi were recorded with different frequencies. R. solani 
was found to be the most prevailing fungus in El-Sharkia and Giza, while S. rolfsii was the 
dominant one in Upper Egypt (Assiout). The other associating fungi were Fusarium spp., S. 
batiticola, A. niger, A. flavus, Rhizopus nigricans, Pénicillium s p p . , Helminthosporium spp. , 
T. lignorum, and unidentified Phycomyceles. Most of them were isolated more frequently from 
shells than from seeds of rotten pods. 
The pathogenicity test revealed that all isolates of R. solani and S. rolfsii were highly 
pathogenic to the Giza 1 variety, and typical seedling and pod infection indicates the major 
role of these two fungi in the incidence of the disease in the studied areas. This gave an idea 
of to what extent R. solani has become widespread throughout all the major peanut growing 
areas of Egypt producing seedling and pod rot epidemic, especially in those of Lower Egypt. 
The present study showed also that S. rolfsii was the well acclimatized pathogen re-
sponsible for the disease in Upper Egypt. The other fungi associating with the major pathogens 
were found to be weak pathogens. A S H W O R T H L A N G L E Y ( 1 9 6 4 ) however, pointed out their 
important role in disease severity, especially during storage, as they enter the pods with 
the aid of the major pathogens. Moreover, these minor pathogens may be primary ones in 
other peanut growing areas of the world due to the prevailing environment, as mentioned by 
W I L S O N ( 1 9 4 7 ) and G A H R E N - H I G G I N I S ( 1 9 4 7 ) . In this respect, G A R R E N - W I L S O N ( 1 9 5 1 )  
stated that some minor soil-borne fungi were found to be major seedling and pod-rot patho-
gens. This indicates the importance of such associating microorganisms in spite of their low 
frequency at the present time, so that they may predominate when the environmental con-
ditions are favourable, causing another problem. 
During storage, the present study showed the occurrence of the fungi mentioned hut 
with an increase of development in the seeds rather than in the shells, particularly with some 
storage fungi such as Aspergillus spp. and Pénicillium spp. This indicates the importance 
of these associating fungi in the deterioration of the stored fruits, and also confirms the 
spreading of the major organisms all over the country. 
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COMPARATIVE RESPIRATION STUDIES ON CHERRY 
AND SOUR CHERRY SEEDLINGS 
There are great differences in growth vigour between the cherry and sour cherry in 
spite of the close relationship between them. The shoots of the cherry are of strong apical 
dominance, the crown generally extends upwards, and the trees become tall and spreading. 
By contrast, the apical dominance of the sour cherry is moderate, its crown shape is shrub-
like, and the trees are smaller and shorter. 
The phenotypic manifestation of the different genetic features is based on differences 
in the metabolism (including hormone balance), and characteristic differences in the re-
spiratory metabolism can certainly he demonstrated. Such "metabolic indices" could perhaps 
be taken into consideration for practical purposes, e. g. in selection. 
The respiratory metabolism of the vegetative parts seemed to be suitable for dem-
onstrating characteristic differences, so the following examinations were carried out. By 
means of the so-called two-dimension respirometer (FREWIL apparatus) we were able to 
determine in a few minutes the respiratory carbon dioxide production of intact plants at 
various points of the vegetative parts, of which the collar zone, the internodes and the buds 
were taken into consideration for the purpose of comparison. 
The examination were performed at the end of 1975 and the beginning of 1976 on cherry 
and sour cherry seedlings in the juvenile stage. The rooted seedlings were transferred from 
the field to the laboratory of the Department of Plant Physiology, Eötvös Loránd University 
in the middle of December and kept there for the period of the examination in pots of adequate 
size filled with earth, at room temperature, under conditions of natural illumination. 
Bud bursting began in a few days, mostly in the apical parts of the shoots, while the 
buds near the collar remained dormant for a longer time. 
The examinations were carried out with the above-mentioned F R E W I L apparatus 
( F R E N Y Ó 1974a, b: 1975); the two species were compared for the respiration in identical 
organ parts. 
The respiratory carbon dioxide of the different parts was collected in 0.5 ml gas recip-
ients, whose openings were attached in an air-tight manner to the surface of the tissue 
(Fig. 1). 
By opening the taps of the recipients gas samples were taken for 3 minutes each from 
the air space of the plant part concerned. The carbon dioxide content increased with the 
intensity of respiration. The recipient was then closed again, and electrometric measure-
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Fig. 1. Air-tight attachment of a gas recipient to the surface of the collar for collecting 
respiratory carbon dioxide. 1: Tap of the gas recipient; 2: sealing-compound (plastiline) 
ments were made, using the FREWIL apparatus, on the amount of carbon dioxide discharged 
in 3 minutes front a I cm2 area of the plant part (Figs. 2 and 3). Either the microgramme 
values obtained were reduced by 0.3 fig to correct for the value of the air contained in the 
gas recipient, or the carbon dioxide content of the air in the gas recipient was removed in 
advance, in which case the correction was unnecessary. 
Besides measuring the respiration, histological examinations were also carried out 
in order to determine the ratio of living to dead parts, and the components of the cells. 
A total of some 50 measurements were made from 30th December 1975 to 7th January 
1976 on the intact collars (approx. 1 cm in diameter) of sour cherry and cherry seedlings, 
on the internodes of the stem and on the buds. The measurements were made in all cases 
on a more or less uniform (1 cm2) area. In general, we found that in both species respiration 
at the time of the examination was the most intensive at the collar zone, while the internodes 
discharged only about half as much carbon dioxide per cm2 of surface. Respiration was 
similarly low in buds just beginning to revive from dormancy; the carbon dioxide produc-
tion of a bud was about as much as that of a periderm-covered internode over a similar area. 
The actual values are shown in Fig. 4. 
The amount of respiratory carbon dioxide produced in 3 minutes was noticeably dif-
ferent in all examined parts of the two related species, and similar results were also obtained 
when respiration was examined over a longer period, by neutralizing a low concentration 
phenolphtalein NaOH solution with the product of respiration emitted for hours from the 
intact surface of the collar ( F R E N Y Ó 1 9 5 4 ) . The results of the measurements were mutually 
confirmed by the fact that the ratio of 1.6 obtained over a longer period of measurement 
for the respiration intensity of sour cherry and cherry at the collar zone deviated only very 
slightly from the results of the 3-minute measurements. In the latter case the ratio was 1.7; 
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Fig. 2. Fitting the closed gas recipient containing respiratory carbon dioxide to the probe 
of the FREWIL apparatus 
Fig. 3. The apparatus ready for measuring 
that is, the respiratory carbon dioxide production of intact tissues in sour cherry forced 
at room temperature during winter post-dormancy was 1.6 or 1.7 times as high as in similarly 
treated cherry. 
The instrumental comparison of respiration under the same conditions produced a 
ratio of 3.2 for the internodes of the stem, and 2.4 for lateral buds just beginning to burst, 
in favour of sour cherry. 
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c.r. i. gl. 
Fig. 4. Results of respiration measurements on various parts of sour cherry (Cerasus vulga-
ris = C.v.) and cherry (Cerasus avium = C.a.). c.r. — Collum radicis (collar); i. = internode; 
g.l. = gemma lateralis (lateral bud) 
As such measurements have not yet been carried out on intact plants, we still do 
not know how the ratio of respiration intensity between sour cherry and cherry changes 
during the vegetative period. Nor do we know the value (RQ) of C02/02, because with the 
FREWIL apparatus only the C02 emission can be measured, while the amount of O,, uptake 
remains unknown. 
In spite of the dispersion of data the intensity of respiration measured at the collar 
zone was found to give the most readily reproducible results, since this is a well-defined part 
of the plant, while the internodes and buds are in different biological states depending on 
their distance from the shoot apex. In our work we endeavoured to compare internodes in as 
near the same position as possible and buds in as near the same position and state as possible 
in the two species. 
There were unquestionable differences in respiratory metabolism between the two 
species. The fact that the intensity of respiration is higher in sour cherry than in cherry, 
at least under the conditions of the experiment, calls for an explanation. On studying the 
possible mechanism of rootstock effect in a literary review B E A K B A N E ( 1 9 5 6 ) calls attention 
to the importance of the amount of living tissue compared to tracheae and supporting tissue, 
since the proportion of living tissue in the root is higher in dwarfing root stocks. However, 
his statement that a large amount of living tissue compared to the plant surface causes an 
internal oxygen deficiency resulting in reduced respiration is questionable. He refers to 
Hassan, who made a physiological comparison between dwarf apple root stocks and those of 
intensive grow th habit and found the rate of respiration to be faster in the latter than in the 
former. 
Our present paper agrees only in part with Beakbane's opinion. We examined the ratio 
of living to dead parts in tissue sections of sour cherry and cherry displaying different intensi-
ties of respiration, and found more living tissue in the collar and internodes of sour cherry, 
which when intact showed a higher respiratory activity than cherry. The same result is 
indirectly suggested by our earlier paper ( B R U N N E R — N Y Ú J T Ó — A N T O N I - G Á L 1 9 6 8 ) , in which 
Table 1 shows the ratio of cortex -f- phloem in the root sections of cherry and sour cherry; 
it is 1 4 . 3 3 % for cherry and 2 0 . 3 5 % for sour cherry relative to the whole cross section. The 
sieve tubes and other living tissues (phloem parenchyma, etc.) undoubtedly have a respiratory 
metabolism. It seems natural to us, however, that the larger the proportion of living com-
ponents the higher the intensity of respiration. This partially explains the higher intensity 
of respiration (carbon dioxide emission) in sour cherry compared to that in the corresponding 
tissues of cherry. 
Histological examinations connected with the present paper led to the important 
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the phloem parenchyma and medullar rays, in sour cherry even an iodine test made at the 
same time was only able to demonstrate a small quantity of starch. It may well be that the 
phenomenon was connected with the increased rate of respiration in one of the following ways: 
either the higher intensity of respiration promoted the transformation of starch into sugar, 
or the increased sugar level caused by the activity of amylase had a stimulatory effect on 
respiration. The question remains to be settled, as does that of whether the respiration study 
described in this paper can be used for pre-selection. 
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THE STABILITY CONSTANTS OF Zu-, Fe- AND Cu-HUMIC 
ACID COMPLEXES AT DIFFERENT pH VALUES 
The fate of a particular metal ion in the soil, that is, whether it will be translocated 
or deposited or under what type of conditions it will be available to plant roots and/or to 
biological systems, will often depend on the relative stability of the combinations or complexes 
it forms. Soil organic matter forms complexes with metals by ion exchange, surface adsorp-
tion, chelation and complex formation. The stability of metal chelates and their effectiveness 
in supplying micronutrients to plants differ widely from one metal to the other and are largely 
dependent on soil properties such as pH and soil texture ( R A N D I I A W A R R O A D B E N T 1 9 6 5 ,  
O V C H A R E N K O — G O R D I E N K O 1 9 6 9 , A B D E L - L A T I F 1 9 7 3 ) . 
The present work deals with the stability of Cu-, Fe- and Zn-humic acid complexes 
at different pH values. 
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Extraction of humic acid. A soil sample was taken from Shalakan, in the southern 
part of the Nile Delta, to represent the alluvial soils of Egypt. The soil was air dried, ground, 
passed through a 2 mm sieve, mixed, and stored in polyethylene bottles. Humic acid was 
extracted from the soil using 5 : 1 NaOH ( 0 . 5 N) to soil at 2 6 U C by the method of C H O U D R I 
S T E V E N S O N ( 1 9 5 7 ) . The humic acid fraction was separated by adjusting the extract to pH 
1 . 0 using 1 . 0 N HCl and centrifuging at 6 0 0 0 rpm for 2 0 min according to P O S N E R ( 1 9 6 6 ) .  
The humic acid was redissolved in 0.5 N NaOH, repreeipitated by acidification to pH 1  
and electrodialysed against distilled water, using a cellophane membrane, until it was chlo-
ride-free. 
Determination of stability constants. Aliquots of 1, 2, 3, 4 and 5 ml of humic acid stock 
solution (5 mg HA/ml) were transferred to a 50 ml Pyrex beaker and the volume was made 
up to 30 ml with distilled water; then 5 ml of 1.0 IV KCl and 3 ml of Си- Kc- and Zn-chloride 
solutions containing 100 //g metal per ml were added separately to each beaker and the pH 
was adjusted with potassium hydroxide or hydrochloric acid to 4.0, 5.5 and 7.0. One series 
of flasks received no humic acid. The solutions in the beakers were transferred to 50 ml 
volumetric flasks. 
One gram of potassium-saturated cation-exchange resin (Amberlite 1R-120, 16 25 
mesh) was placed into each 250 ml bottle. A solution containing either Cu, Fe or Zn chloride, 
potassium chloride, and different quantities of humic acid were transferred to the bottles 
and shaken for one hour. The exchange resin was then removed by filtration and the filtrate 
plus the washings with distilled water were taken to dryness on a steam bath and then digested 
with a mixture of 5 : 1 concentrated HNO., and H„S04. The residue was dissolved in 10 ml 
of 0.6 N HCl solution and brought to 50 ml volume. Cu, Fe and Zn were determined using 
the Unicam atomic absorption spectro-photometer. 
The saturation capacity of complexing sites on humic acid was determined accord-
ing to the method described by R A N D H A W A B H O A D B E N T ( 1 9 6 5 ) . To 2 5 ing of the stock 
solution of humic acid. 5 mg of either Cu, Fe or Zn (in the form of chloride) and 2.5 ml of 
1.0 N potassium chloride solution were added in a 50 ml Pyrex beaker. The pH was adjusted 
to 4.0, 5.5 and 7.0, and the contents were transferred to 25 ml measuring' flasks and filled 
to the mark with distilled water. They were shaken for two hours and centrifuged in a high 
speed centrifuge ( 1 7 , 0 0 0 rpm). The supernatant was spun down and Cu, Fe and Zn were 
determined in the supernatant using Unicam SP 90 atomic absorption. 
The stability constant is a thermodynamic constant defined by the equation: 
K JMCh,) 
V
 (M) (Ch)* 
where: К the stability constant, 
(Ch) the concentration of complexing agent in moles per litre, 
(M) = the molar concentration of metal ion, 
X = the number of moles complexing agent Ch which combines with one mole 
of metal. 
Applying this equation to the metal organic matter complex the values of both x 
and Ch are unknown. However, the stability constants for copper, iron, and zinc-humic 
acid could be calculated using the equation given by M A R T E L L — C A L V I N ( 1 9 5 9 ) : 
log (A0/A — 1) log К + x log (Ch) 
where : 
A0 = the distribution constant for exchange of a metal between solution and a cation-
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exchange resin (MR/M); MR is the amount of cation bound to a definite amount of resin, 
and M is the molar concentration of metal ion. 
MR 
A = the distribution constant in the presence of chelating agent . 
M + MChv 
Measuring Я0/Л with more than one value of Ch, x may be obtained directly from the 
slope of log (Я0/Я 1) versus log (Ch) using the relative concentration of Ch. When the 
maximum complexing ability of humic acid is determined. (Ch) and consequently К could 
be calculated. Ionic strength should be kept constant when concentrations are used instead 
of activity. 
The distribution of Cu, Fe, and Zn between cation-exchange resin and their equilibrium 
solutions in the absence of humic acid is shown in Table I. It is noted that the adsorption 
of Cu, Fe, and Zn on cation-exchange resin increased as the pH increased. 
Table 1 
Distribution of Cu, Fe, and Zn ions between Amberlite IR-120 
cation-exchange resin and equilibrium solution at different pH values 
pH of equilibrium 
solution 
Metal in solution 
(M) [ M / L 
Metal adsorbed on resin 
(MR) , ,M 
Cu Fe Zn Cu Fe Zn 
4.0 11.20 9.00 12.20 4.15 4.92 3.98 
5.5 9.40 5.40 6.80 4.24 5.10 4.25 
7.0 7.80 1.80 6.20 4.32 5.28 4.28 
Table 2 gives the values of Cu, Fe, and Zn in solution and those adsorbed on the 
cation-exchange resin in the presence of different amounts of humic acid at pH values of 
4.0, 5.5 and 7.0. The data show that the affinity of humic acid for Cu exceeded that for hoth 
Fe or Zn at pH 4.0. At pH 5.5 and 7.0, the affinity of humic acid for Fe exceeded that for 
both Cu and Zn, and the affinity for Cu exceeded that for Zn. It is also noticed that the 
concentration of the metal in solution represents the free metal plus that complexed by 
humic acid. The data also reveal that all three metals are complexed quite strongly by humic 
acid. Also, the values show that as the quantity of humic acid increases, the amount of the 
metal adsorbed on the cation-exchange resin decreases; the amount combined with humic 
acid also increases as the pH increases. 
These findings agree with the results of R A N D H A W A B R O A D B E N T ( 1 9 6 5 ) . They reported 
that in a reaction between a metal ion and a complexing or chelating agent, the metal may 
be considered as an electron acceptor, and the complexing agent denotes an electron pair. 
Complexing agents, which may he considered as Lewis bases, have a considerable affinity 
for hydrogen ions as well as for metal ions. Hydrogen ions compete with metal ions for the 
ligand, so that a decrease in pH results in a reduction of the free ligand concentration, and 
a decrease in the amount of metal complexed. In other words, at higher pH values more 
complexing sites on the humic acid molecules were available for combination with Cu, Fe 
and Zn. 
The number of moles of humic acid which combined with one mole of metal was calcu-
lated from the linear relationship of the log of the relative concentration of complexing agent 
and log (Я0/Я — 1) on a log-log scale. The data are tabulated in Table 3. Results indicate 
that the humic acid/Cu ranges between 1.86 and 1.90 at pH 4.0 — 7.0 (Fig. 1). This indicates 
that Cu is chelated by humic acid mainly in the divalent form, and only a very small per-
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Table 2 
Distribution of Си, Fe, and Zn ions between Amberlite IR-120 
cation-exchange resin and their equilibrium solutions in the 
presence of different concentration of humic acid at 
pll values of 4.0, 5.5 and 7.0 
Metal in solution 
(M) - (MChx) „ M / L 
Metal adsorbed on 
resin (MR) 
mg Cu Fe Zn Cu Fe Zn 
At pH 4 . 0 
5 3 1 . 4 0 1 5 . 6 0 1 3 . 0 0 3 . 1 4 4 . 5 9 3 . 8 4 
1 0 4 5 . 0 0 3 6 . 6 0 3 0 . 0 0 1 . 9 6 3 . 5 4 3 . 0 9 
1 5 7 0 . 8 0 4 9 . 0 0 3 5 . 2 0 1 . 1 7 2 . 9 2 2 . 8 3 
2 0 7 8 . 6 0 6 9 . 4 0 4 4 . 0 0 0 . 7 8 1 . 9 0 2 . 3 9 
2 5 8 0 . 2 0 7 6 . 0 0 5 3 . 6 0 0 . 7 0 1 . 5 7 1 . 9 1 
At pH 5 . 5 
5 5 1 . 2 0 2 1 . 8 0 1 9 . 2 0 2 . 1 5 4 . 2 8 3 . 6 3 
1 0 6 6 . 8 0 6 4 . 8 0 3 1 . 4 0 1 . 3 7 2 . 1 3 3 . 0 2 
1 5 7 8 . 6 0 8 2 . 8 0 4 9 . 8 0 0 . 7 8 1 . 2 3 2 . 1 0 
2 0 8 6 . 6 0 9 1 . 8 0 5 5 . 0 0 0 . 3 8 0 . 7 8 1 . 8 4 
2 5 8 9 . 2 0 9 5 . 6 0 6 6 . 6 0 0 . 2 6 0 . 5 9 1 . 2 6 
At pH 7 . 0 
5 5 2 . 0 0 6 0 . 8 0 2 3 . 0 0 2 . 1 1 2 . 3 3 3 . 4 4 
1 0 7 0 . 0 0 7 6 . 0 0 4 2 . 0 0 1 . 1 2 1 . 5 7 2 . 4 9 
1 5 3 8 . 4 0 9 0 . 4 0 5 4 . 2 0 0 . 5 4 0 . 8 5 1 . 8 8 
2 0 8 8 . 8 0 9 3 . 8 0 6 5 . 8 0 0 . 2 7 0 . 6 8 1 . 3 0 
2 5 9 1 . 2 0 9 9 . 2 0 7 6 . 4 0 0 . 1 5 0 . 4 1 0 . 7 7 
centage is chelated in the monovalent form. With iron, this ratio varies between 1.92 and 2.13  
with small and irregular changes with pH, indicating that Fe is adsorbed mainly in the di-
valent form (Fig. 2). It should be mentioned, however, that the ferric ion and, to some extent, 
the ferrous ions form a number of hydroxy chelates in which one or more hydroxyl ions become 
directly co-ordinated with the metal as auxiliary ligands ( M A R T E L L 1 9 5 2 ) . The number of 
moles of humic acid combined with each mole of zinc increases with pH and ranges between 
1.26 at pH 4.0 to 2.0 at pH 7.0. Results indicate that at pH 4.0 about 75% of the zinc is 
complexed in the monovalent form and about 25% is complexed in the divalent form. At pH 
5.5 the monovalent zinc reached 50%, whereas at pH 7.0 almost all the zinc was complexed 
in the divalent form (Fig. 3). 
These results tend to confirm the findings of A B D E L - L A T I F ( 1 9 7 3 ) , who found that 
the number of moles of humic acid combined with one mole of iron ranged from 1.97 to 2.03  
at PLL 7 . 0 . R A N D H A W A - B R O A D B E N T ( 1 9 6 5 ) found that the number of moles of humic acid 
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1. Determination of ionic species of copper adsorbed on humic acid at different pH 
values by the cation-exchange resin equilibrium method 
Equation of tines Equation of lines Equation of lines 
log(Áo/Á-1 )=logK+2.13log(Ch) log(A./A-1)=logK*2X)log(Ch) log(A„M-1)=logKU92 log(Ch) 
2. Determination of ionic species of iron adsorbed on humic acid at different pH values 
by the cation-exchange resin equilibrium method 
Relative concentration of humic acid 
3. Determination of ionic species of zinc adsorbed on humic acid at different pH values 
by the cation-exchange resin equilibrium method 
3 0 4 V A R I A 
Table 3 
Number of moles of humic acid combined with one mole 
of metal at pH values 4.0, 5 .5 and 7.0 
p H of equ i l i b r ium 
s o l u t i o n 
Moles of h u m i c a . id combined w i th one mole m e t a l 
Cu Fe Zn 
4 . 0 1 . 8 6 2 . 1 3 1 . 2 6 
5 . 5 1 . 8 7 2 . 0 0 1 . 5 0 
7 . 0 1 . 9 0 1 . 9 2 2 . 0 0 
Table 4 
Maximum number of complexing sites for Си, Fe and 
Zn on 5 mg humic acid 
pH of equilibrium 
solut ion 
M a x i m u m complexing sites of metal uM 
humic acid 
- on 5 nig 
Cu Fc Zn 
4 . 0 3 1 8 6 9 2 7 6 
5 . 5 4 1 2 6 9 6 2 7 6 
7 . 0 5 3 2 5 8 0 3 9 6 
combined with one mole of zinc was 1.25, 1.59, and 1.70 at pH values of 3.6, 5.6 and 6.9, 
respectively. 
The difference in the co-ordination number of these metals may offer an explanation 
for the difference in the humic acid/metal ratio. The sites of functional groups on the humic 
acid affect the ratio: M A B T E L I - C A L V I N (1959) reported that the number of chelate donor 
groups that can combine with a metal ion corresponds to the co-ordination number of that ion. 
The saturation capacity of complexing sites on humic acid was determined by shaking 
the chelating agent with an excess amount of metal salts and by centrifugation. The super-
natant was spun down, the metal was determined and the saturation capacity was calculated 
by subtracting the amount of metal in the supernatant from that added before shaking. 
The maximum complexing ability of humic acid is reported in Table 4. The data indicate that 
the maximum number of complexing sites oil humic acid with different metals was in the 
order Fe > Cu > Zn at pH values 4.0, 5.5 and 7.0. 
The stability constants of Cu, Fe and Zn chelated with humic acid are given in Table 5.  
The values indicate that stability constants of metal with humic acid followed the order 
Cu > Fe > Zu at pH 4.0 and 5.5. At pH 7.0 the stability constants of metal with humic 
acid followed the order Fe > Cu > Zn. These findings agree with those of O V C I I A R E N K O -
G O R D I E N K O ( 1 9 6 9 ) . They reported that the stability of metal complexes formed in aqueous 
solution followed the order Fe > Cu > Zn. A B D E L - L A T I F ( 1 9 7 3 ) found that the stability 
constants (log K) for Fe—humic acid complexes ranged between 6.65 to 7.59 at pH 7.0. He also 
found that the stability constant (log K) for Zn-humic acid complexes ranged between 5.06  
to 5 . 9 2 at pH 7 . 0 . R A N D H A W A B R O A D B E N T ( 1 9 6 5 ) found that stability constants between 
zinc and humic acid were 4.42, 6.18, and 6.80 at pH values 3.6, 5.6 and 6.9 respectively. 
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Table 5 
Maximum number of complexing sites for Си, Fe and 
Zn on 5 mg humic acid 
pH of equilibrium 
solution 




4 . 0 3 1 8 6 9 2 7 6 
5 . 5 4 1 2 6 9 6 2 7 6 
7 . 0 5 3 2 5 8 0 3 9 6 
L E H M A N (1963) showed that there were a number of factors affecting the stability of metal 
chelates, namely, the number of rings formed by one molecule of chelating agent with the 
metal ion, the size of the rings and the nature of the donor atoms. 
* 
Prepared at the Soils Department, Faculty of Agriculture, Ain Shams University, Cairo. 
A . I . M E T W A L L Y , A . M . E L - G A L A , R . A . K I I A L I L 
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COMPARATIVE STUDY ON THE HYDROGEN CYANIDE CONTENT 
OF LOTUS CORNICULATUS AGG. IN HUNGARY 
Increased attention has recently been paid to the biochemical characters — e.g. the 
presence or absence of cyanogenic compounds — which can be used to demonstrate rela-
tionships between the taxons ( G R A N T — S I D H U 1967). For some decades extensive investiga-
tions have been made to demonstrate the presence of hydrogen cyanide (HCN) in papiliona-
ceous fodder plants. Of the large number of relevant theoretical and experimental works 
only those dealing with the genus Lotus and some other closely related papilionaceous species 
(Trifolium, Vicia, etc.) are mentioned. Particular attention has been paid to Trifolium species 
( C O R K I L L 1940, 1942, 1952, MELVILLE et al. 1940, D A D A Y 1954a, b, 1955, 1958, 1965, Roo 
1 9 6 3 , A K B A R I 1 9 6 5 , J O N E S 1 9 6 6 , B I S H O P — K O R N 1 9 6 9 , M I T C H E L L 1 9 7 4 , M A H E R H U G H E S 
8* Acta Agronomica Academiae Scientiarum Hungaricae 26, 1977 
3 0 6 V A R I A 
1971, etc.); many authors have examined various Lotus species ( D A W S O N 1941, S M I R N O V A -
I K O N N I K O V A — M U K H I N A 1 9 5 6 , G R A N T 1 9 6 7 , G R A N T — W H E T T E R 1 9 6 6 , G R A N T - Z A L I T E 1 9 6 7 , 
G R A N T — S I D H U 1967, G I B U S 1963, J O N E S 1962, 1966, 1968, 1970, 1972a, b, 1973, B U T L E R 
1965). 
Having studied the geographical distribution of the genus Lotus, G I B B S ( 1 9 6 3 ) showed all 
Lotus species living in North America to be acyanogenic, while those in the Old World are 
mostly cyanogenic. He thus felt justified — on the basis of many other characteristics too — 
in placing the former in the genus Hosackia as opposed to the European Lotus species. G R A N T 
— S I D I I U ( 1 9 6 7 ) carried out quantitative analyses in diploid and tetraploid Lotus species (some 
54 taxa) of the Old and New World concerning the intensity of the hydrogen cyanide reaction. 
They found the intensity of the reaction to vary to a great extent in different Lotus species, 
from negative (acyanogenic type) to highly positive (cyanogenic type). The mean value of 
the HCN reaction is higher ( 5 . 7 1 ) in the European than in the American species ( 3 . 3 3 ) . In 
contrast to Gibbs they found a positive HCN reaction in some North American species and 
a negative reaction in several Lotus species of the Old World. They gave evidence of the HCN 
reaction being higher in fresh green leaf material than in air-dry material or in old (approx. 
70 year old) herbarium specimens. 
Other authors — e.g. S M I R N O V A - I K O N N I K O V A — M U K I I I N A ( 1 9 6 5 ) — carried out in-
vestigations in cultivated cultivars of Lotus corniculatus in different phases of ontogeny, as 
well as at different development stages after repeated cutting. For example, the HCN content 
of the variety Morshanski-528 showed a considerable increase from the first to the third 
cutting and only decreased after the fourth curring. In other varieties, on the other hand, 
the HCN content was found to be of increasing tendency after all four cuttings. During observa-
tions made in 1 9 2 9 Querin found the flowers of Lotus corniculatus to be cyanogenic ( Q U E R I N 
1 9 2 9 ) . Later some other authors also reported a higher H C N content in the flowers (during 
the main flowering period) so the green crop can be used as green fodder mainly before budding 
and flowering, while during budding and flowering it is used as dried fodder or silage. For 
example, the leaves of the variety Morshanski-528 contain 4.9 mg%, while flowers at their 
first opening contain 13.1 mg% HCN. 
A highly complicated problem studied by many authors is the cyanogenic poly-
morphism of different plant species. There are abundant literary data on the cyanogenic 
polymorphism of the Lotus and Trifolium species (JONES 1962, 1966, 1968, 1970, 1972a, b, 
1973, A N G S E E S I N G — A N G S E E S I N G 1973, C R A W F O R D - S I D E B O T H A M 1972, etc.). Examining the 
HCN content of wild L. corniculatus L. ecotypes in England, Holland, Denmark, etc., Jones 
made valuable observations and comparisons concerning the presence of cyanogenic and 
acyanogenic types. In his work "Co-evolution and Cyanogenesis" published in 1973 a summary 
of these problems is given with abundant literary references. According to Daday's investiga-
tions, temperature plays an important role in maintaining cyanogenic polymorphism in 
Trifolium repens. Mild winters are favourable for cyanogenic plants, and low winter tempera-
tures for acyanogenic ones. For example, the European occurrence of the cyanogenic type 
of Trifolium repens shows an increasing frequency from North-East to South-West. Accord-
ing to J O N E S (1970) it is more probable that, in the case of Trifolium repens, the cyclic effect 
of temperature is felt. Jones studied the effect of temperature on the frequency of cyano-
genic forms, but found the methods available at present to be too rough for such investigations. 
It has been pointed out that the four phenotypes of cyanogenesis can be found in the 
leaves as well as in the flowers of Lotus corniculatus. They are: 
1. cyanogenic glucoside -f- enzyme — cyanogenic type — amara, 
2. cyanogenic glucoside without enzyme — acyanogenic type dulcis, 
3. enzyme without cyanogenic glucoside — acyanogenic type — dulcis, 
4. neither enzyme nor cyanogenic glucoside — acyanogenic type — dulcis. 
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The aim of our investigations was the determination of the hydrogen cyanide content 
of wild taxa and cultivated cultivars of Lotus corniculatus growing in Hungary. Among the 
ecotypes of wild Lotus corniculatus we tried to find low HCN content or acyanogenie plants, 
which could be used as starting material in plant breeding or may even he regarded as gene 
reserves of the natural flora for the Hungarian gene bank. 
In our investigations 10 cultivated and 6 wild taxa belonging to the morphological 
range of Lotus corn. agg. in Hungary were included. They were: Viking, G-narrow leaved, 
Empire, Gülzower, Táborszky, Kubansky-44, local varieties from Ják and Nagykálló, as well 
as erect and procumbent types selected from a wild Lotus tenuis population and grown by 
Gondola. The wild plants were: L. corn. ssp. corn. var. corniculatus, var. dabasensis, ssp. hir-
sutus v a r . hirsutus a n d v a r . pilosus, L. tenuis a n d L. borbasii. 
Erom the different methods used by the above authors for determining the HCN 
content we chose a rapid method for our experiments, highly suitable for the serial examina-
tion of a large volume of comparative material. This method was first applied and described 
by D A W S O N ( 1 9 4 1 ) , then with some modification by J O N E S ( 1 9 6 6 ) , G R A N T W H E T T E R ( 1 9 6 6 ) ,  
G R A N T — Z A L I T E ( 1 9 6 7 ) . Its essence is as follows. 
Filter paper strips of 3.0x0.9 cm were placed in small glass tubes (of 1.55x5.0 cm) 
filled with Na-picrate solution (50 g Na2CO., was dissolved in 1 lit. water, then 5 g picric acid 
was added and the solution was filtered) in such a way that they were in contact with the 
plant material placed in the bottom of the tube. In each case 0.05 g plant material was used. 
Then 3—4 drops of toluol per tube were added, the tubes were closed hermetically and 
incubated at 25 C. The presence of HCN was indicated by the colour reaction of the filter 
paper saturated with yellow picrate solution. The reaction could be observed after 48 or 24 
hours (the latter period of incubation also proved to be sufficient), therefore it was then that 
the results were evaluated. The colour reaction appears during the release of HCN on the 
filter paper in 10 grades from light (leinon-)yellow to dark brick-red. The minus ( —) sign 
indicates the absence of HCN, i.e. a negative reaction; in such cases the filter paper retains 
its original lemon-yellow colour. This reaction is given by the acyanogenetic types. The + 
sign indicates an uncertain positive reaction, while the values from -|-1 to + 8 indicate increas-
ing positive reactions. Plants giving such reactions are of cyanogenetic type. The 10 colour 
grades, using KCN as the standard equivalent, are: = 0.0005, 4 = 0.001, + 1 = 0.001-
0.0025, + 2 = 0.0025, + 3 - 0.005, + 4 : = 0.025 0.05, + 5 - 0.075, +6 0.1, +7 = 0.25, 
+ 8 = 0.75. 
Thus, taking the KCN equivalent as a basis, the HCN content of each gramme of 
leaf or flower material varies from 0.5 /(g to 750 pg. 
Having tested the method, we started the examinations at the flowering stage in 
1974. We compared the HCN reactions of various taxa in plant materials obtained from the 
middle of the shoot and foliage leaves on the one hand, and in flowers on the other. 
Three parallel series were set up: with fresh plant material, and with materials dried 
for 48 hours at room temperature, and for 48 hours at 110°C, respectively (in each of the three 
series 0.05 g material was used). The analyses were made in July and September, in three 
successive weeks of each of the two months. The first period of measuring — 5th, 12th and 
17th July — coincided with the time of mass blossoming, while the second — 6th, 13th and 
19th September — with the development and second flowering of the aftercrop following 
the August cutting. In the evaluation the mean value of the measurements obtained in the 
two periods wras taken into account. 
In 1975 the examinations were scheduled in such a way as to study the spring period 
of vegetative development omitted in the previous year, and the initial phase of flowering. 
Accordingly, measurements were carried out oil 20—22nd May and 13-15th June. After 
this the crop was cut, and measurements of the after-growths were next taken on 24—26th 
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Table 1 
Average HCN-reaction values of Lotus taxa on the basis of (lata obtained on 
5th, 12th, 17th July und 6th. 13th, 19th September 1974. 
I = fresh material, II = material dried for 48 hours at room temperature, 
I I I = material dried for 48 hours at 110°C 
a = leaf(-j-shoot ) ; b—flower; 0.0 = ( — ) negative reaction; 
0.1 — 0.9 = ( + ) (incertain positive reaction 
Taxon 
Ju ly September 
I. II . I I I . I. II. III. 
b " ^ Т ь " a b a Ь a b a I Ь 
53. 5.8 5.5 5.6 5.1 1.8 2.3 6.1 4.8 6.0 4.0 1.1 0.7 
54. 5.5 6.0 4.6 5.0 1.8 1.0 5.3 4.7 5.3 476 0.6 0.1 
55. 5.8 7.0 4.6 4.5 0.0 1.3 7.0 7.5 7.0 5.0 0.5 0.7 
56. 5.5 6.0 4.8 6.0 1.3 0.2 6.6 6.0 6.5 5.5 0.6 0.7 
58. 5.0 5.3 5.0 4.8 0.8 1.0 7.0 5.0 3.8 3.0 0.1 0.0 
60. 5.1 6.5 4.8 5.1 1.8 1.6 6.6 6.7 5.3 5.5 0.3 0.2 
61. 6.8 6.6 5.1 5.0 1.8 1.3 6.3 6.5 5.6 5.5 0.6 0.1 
62. 5.3 6.0 5.1 5.0 2.3 2.1 7.3 6.2 7.0 6.0 0.5 0.1 
74. 5.5 6.0 5.5 5.1 1.5 1.3 7.1 6.0 6.8 5.5 0.3 0.1 
75. 6.3 6.6 5.3 5.1 2.0 2.3 6.8 5.0 6.6 3.5 0.5 0.1 
100. 0.25 5.8 0.8 4.8 0.0 1.3 0.0 4.0 0.0 1.5 0.0 0.0 
101. 6.7 5.5 3.5 2.5 2.5 0.7 7.0 5.0 6.3 5.0 0.1 0.0 
101a. 5.0 7.2 4.0 2.0 2.2 0.7 0.0 — 0.1 0.0 — 
110. 4.0 5.8 4.0 4.3 2.1 1.5 8.0 5.0 7.6 1.0 0.8 — 
111. 5.6 5.5 5.5 4.6 2.0 2.1 6.3 6.0 6.0 4.0 0.6 — 
112. 5.5 6.0 3.3 5.2 1.0 3.0 — — 
~~ 1 - — 
113. 1.6 4.0 1.5 3.0 0.8 1.8 0.0 2.1 0.0 1.0 0.0 1.0 
114. 2.5 3.0 2.5 2.5 0.7 2.5 0.0 1.0 0.0 0.7 0.0 0.7 
115. 2.2 3.5 1.7 2.0 0.7 1.1 
-
— 
- ' - — -
Notes : 53. Vi ting, 5 4. G-i arrow leaved , 55. Empire , 56. Gülzower, 58 Táb orszky 
60. Kubansky-44. 61. Local variety from Ják, 62. Local variety from Nagykálló, 74. Lotus 
corniculatus ssp. corn. var. corn. (Szentendre), 75. Lotus corn. ssp. corn. var. corn. (Tatárszent-
györgy). 100. Lotus corniculatus var. dabasensis (l)abas). 101. Lotus corn. ssp. hirsutus var. 
pilosus (Szentmártonkáta), 101a. Lotus corn. ssp. hirsutus var. hirsutus (Szentmártonkáta), 
110. Lotus tenuis (procumbcnt Gondola f. material). 111. Lotus tenuis (erect Gondola f. material). 
112. Lotus tenuis (earlier number 76.) (Tápiószele III —4—110.), 113. Lotus tenuis LKunpeszér). 
114. Lotus tenuis (Farmos), 115. Lotus borbasii (Hármashatárhegy) 
July and 28- 30th September. The material examined consisted partly of plants analysed 
in 1974 and partly of freshly collected wild L. tenuis (Kunszentmiklós, Dabas), L. borbasii 
(Hármashatárhegy) and L. corniculatus var. dabasensis (Dabas) taxa. Phis year two parallel 
series were set up: one using fresh material and one using plants dried for 48 hours at room 
temperature. 
The examination results obtained in 1974 were as follows: the highest positive НСЛ 
reaction, both in July and September, was obtained with fresh material for all taxa, followed 
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Table 2 
Averages of the joint HCN reaction values of leaf (shoot) 
and flower material from Lotus taxa on the basis of data obtained 
on 5th, 12th, 17th July and 6th, 13th, 19th September 1974 
I = fresh material; II = material dried for 48 hours at room temperature ; 
III = material dried for 48 hours at 110°C 
Taxon 
July September 
п. H I . I . и. in. 
53. 5.6 5.3 2.0 5.4 5.0 0.9 
54. 5.7 4.8 1.4 6.4 5.1 0.3 
55. 6.4 4.5 0.6 7.2 6.0 0.6 
56. 5.7 5.4 0.7 6.3 6.0 0.6 
58. 5.1 4.9 0.9 6.0 3.4 0.7 
60. 5.8 4.9 1.7 6.6 5.4 0.2 
61. 6.7 5.0 1.5 6.4 5.5 0.45 
63. 5.6 5.0 2.2 6.7 6.5 0.3 
74. 5.7 5.3 1.4 6.5 6.1 0.2 
75. 6.4 5.2 2.1 5.9 5.0 0.3 
100. 3.6 2.8 0.6 2.0 0.7 0.0 
101a. 6.1 3.0 1.4 0.0 0.1 0.0 
110. 4.9 4.1 1.8 6.5 4.3 0.8 
111. 5.5 5.0 2.0 6.1 5.0 0.6 
112. 5.7 4.2 2.0 — — — 
113. 2.8 2.2 1.3 1.0 0.5 0.5 
114. 2.7 2.5 1.6 0.5 0.3 0.3 
115. 2.8 1.8 0.9 
— — — 
Notes: 53. Viking, 54. G-narrow leaved, 55. Empire, 56. Gülzower, 58. Táborszky, 
60. Kubansky-44, 61. Local variety from Ják, 62. Local variety from Nagykálló, 74. Lotus 
corniculatus ssp. corn. var. corn. (Szentendre), 75. Lotus corn. ssp. corn. var. corn. (Tatárszent-
györgy), 100. Lotus corniculatus var. dabasensis (Dabas), 101. Lotus corn. ssp. hirsutus var. 
pilosus (Szentmártonkáta), 101a. Lotus corn. ssp. hirsutus (Szentmártonkáta), 110. Lotus 
tenuis (procumbent Gondola f. material). 111. Lotus tenuis (erect Gondola f. material), 112. 
Lotus tenuis (earlier number 76.) (Tápiószele III -4 —110.), 113. Lotus tenuis (Kunpeszér), 
114. Lotus tenuis (Farmos), 115. Lotus borbasii (Hármashatárhegy) 
with a slight difference or sometimes with identical values — by the air-dried material, 
while the material dried at 110°C gave a very low value or even showed a negative reaction 
(Table 1; 0.0 = negative reaction, 0.1—0.9 = + very low positive reaction). 
In the course of the July analyses the HCN reaction was generally higher in the flower 
than either in the leaf or in the stem (with one or two exceptions, Table 1). The results were 
somewhat different in September, namely, the HCN reaction of the flowers was mostly lower. 
This may be connected with the fact that the analyses were made at a time when the after-
crop was in poor second flowering. 
The HCN reaction of leaves and shoots was (in most taxa) higher in September than 
in July, though in four taxa the reaction shown in September was negative as against the low 
positive reaction in July (Table 1). 
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Table 3 
HCN reaction values of Lotus taxa 
I — fresh material; II — material dried for 48 hours at room temperature; 
0.0 = negative reaction ( —) a = leafff-shoot); b = flower 0.1 0.9 = ( + ) 
uncertain positive reaction 
Time of measurement 1975 
May June J u l y September 
Taxon 20 th 22nd 13th 15th 24th 26th 28th 30th 
I I . I I . I . I I . I I I . 
a a a Ь a h » a a a 
5 3 . 5 . 0 3 . 0 7 . 0 4 . 0 4 . 0 3 . 0 6 . 0 4 . 0 5 . 0 4 . 0 
5 4 . 7 . 0 4 . 0 3 . 0 6 . 0 4 . 0 3 . 0 8 . 0 4 . 0 4 . 0 4 . 0 
5 5 . 8 . 0 4 . 0 8 . 0 5 . 0 4 . 0 3 . 0 6 . 0 4 . 0 4 . 0 3 . 0 
5 6 . 6 . 0 3 . 0 7 . 0 7 . 0 4 . 0 3 . 0 7 . 0 4 . 0 7 . 0 3 . 0 
5 8 . 5 . 0 2 . 0 7 . 0 5 . 0 4 . 0 2 . 0 7 . 0 4 . 0 7 . 0 4 . 0 
6 0 . 8 . 0 4 . 0 7 . 0 8 . 0 4 . 0 4 . 0 5 . 0 4 . 0 4 . 0 4 . 0 
6 1 . 3 . 0 3 . 0 5 . 0 4 . 0 4 . 0 2 . 0 7 . 0 4 . 0 3 . 0 3 . 0 
6 3 . 6 . 0 3 . 0 7 . 0 6 . 0 3 . 0 3 . 0 7 . 0 4 . 0 7 . 0 4 . 0 
7 4 . 7 . 0 3 . 0 8 . 0 5 . 0 4 . 0 3 . 0 8 . 0 4 . 0 7 . 0 4 . 0 
7 5 . 6 . 0 4 . 0 4 . 0 5 . 0 4 . 0 8 . 0 4 . 0 7 . 0 4 . 0 
1 0 0 . 0 . 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
1 1 5 . 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 5 0 . 0 0 . 0 
1 1 6 . 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 5 0 . 0 0 . 0 0 . 0 0 . 0 
1 1 7 . 0 . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 5 0 . 0 0 . 0 2 . 0 0 . 0 
Notes: 53. Viking, 54. G-narrow leaved, 55. Empire, 56. Gülzower, 58. Táborszky, 
60. Kubansky-44, 61. Local variety from Ják, 62. Local variety from Nagykálló, 74. Lotus 
corniculatus ssp. corn. var. corn. (Szentendre), 75. Lotus corn. ssp. corn. var. corn. (Tatár-
szentgyörgy), 100. Lotus corniculatus var. dabasensis (Dabas), 115. Lotus borbasii (Hárinas-
határhegy), 116. Lotus tenuis (Kunszentmiklós), 117. Lotus tenuis (Dabas) 
The fresh leaf (-(-shoot) material of all taxa examined in July gave a positive reaction. 
The highest values were obtained in the leaves of the local variety from Ják (No. 61), and of 
the ssp. hirsutus var. pilosus (No. 101) (Szentmártonkáta), while the lowest ones, close to the 
values of the acyanogenie type, were found in the leaves and stem parts of L. tenuis (Kun-
peszér), as well as in L. tenuis from Farmos and L. borbasii from Budapest, Hármashatárhegy. 
Uncertain positive or negative reaction values were given by the leaf (shoot) material of 
L. corn. ssp. corn. var. dabasensis, which suggests that it is of acyanogenic type. The leaves 
of the cultivated varieties gave an HCN-reaction of medium or high value, but without any 
great difference. 
A very high positive reaction value was obtained in July in the fresh flower material 
of wild ssp. hirsutus var. hirsutus (No. 101a) (Szentmártonkáta) and the cultivated cv. Empire. 
Flowers of the two wild L. tenuis (Kunpeszér and Farmos) varieties and of L. borbasii gave 
a relatively low positive reaction. In a number of taxa the fresh leaf material was found to 
give a minimum positive value while the flowers showed very high values. For example, 
the HCN reaction in the leaf of L. corniculatus var. dabasensis had an average of 1.5, and 
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that in the flower 5.8; in the case of L. tenuis (Kunpeszér) the value was 1.6 in the leaf and 
4.0 in the flower. 
The September analyses of fresh plant parts gave a negative reaction in a number 
of taxa, e.g. L. corniculatus var. dabasensis, L. corniculatus ssp. hirsutus var. hirsutus (Szent-
mártonkáta) and L. tenuis (Kunpeszér and Farmos). At the same time, very high HCN values 
were obtained in the cultivars Empire and Táborszky, the local variety from Nagykálló, 
L. corn. ssp. corn. (Szentendre), ssp. hirsutus var. pilosus, and the procumbent cultivated 
L. tenuis. In fresh flower material the cultivar Empire gave the highest reaction followed 
by the cultivar Kubansky-44 and the local variety from Ják. 
A remarkably low positive, in some cases even negative reaction was obtained in 
September with leaf and flower material dried at 110°C (Table 1). 
In a number of taxa the fresh leaf material was found to give a minimum positive 
reaction, while the flowers gave medium values [e.g. L. corniculatus var. dabasensis, L. tenuis 
(Kunpeszér)]. 
Investigations made in 1975 confirmed the results of the previous year. 
Analyses performed in May showed lower HCN values in the cultivars than those 
made in June, i.e. in plants at a purely vegetative stage (green foliage), prior to the beginning 
of flowering, the HCN content is lower. 
The wild taxa examined gave a negative HCN reaction at any time of measurement, 
i.e. they proved to be acyanogenic. 
Since the June analysis was made at the beginning of flowering, the data do not clearly 
show whether the HCN content of the flowers was higher than that of the vegetative parts, 
since more than half of the material examined gave lower values and a higher positive reaction 
was only obtained in two cases. 
When analysing the leaf and dry matter of the second crop, we generally obtained higher 
HCN values in July than when examining the green crop in May, and — except for higher 
values in one or two cases - about the same as in June, at the beginning of flowering. Sep-
tember, on the other hand, was generally characterized by lower values. 
In July the flower material of wild taxa gave a positive — though very low — HCN 
value (1.0—3.0), as against the negative reaction of leaf and shoot. 
Prepared at the Eötvös Loránd University, Botanical Garden, Budapest. 
0 . S z . B O R S O S 
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USING DIFFERENT METHODS OF PROGENY TESTING 
FOR BREEDING VALUE ESTIMATION OF FAYOUMI COCKS 
Progeny testing as one of the most efficient methods of selection is gaining ground 
very slowly in practice. This is due to the fact that progeny control contains a number of 
error sources, represents a complex breeding process and, in addition, is very expensive and 
lengthy. This is why solutions are being sought all over the world to increase test reliability 
and reduce both the costs and the period required. 
The highly advanced animal breeding countries carry 011 progeny testing at tremen-
dous cost, and there has been no decline in the extensive research activity carried out in 
this field. The establishment of any method or data for promoting the improvement of breed-
ing value estimation by progeny testing is still an important task. 
With these ideas in mind, a comparative study has been carried out to determine the 
most reliable and simple method of studying the hereditary transmitting capacity of cocks. 
Fayoumi sires and dams were randomly mated in family pens supplied with trap 
nests. Each family consisted of one sire and 15 dams, and pedigree chicks were used for heri-
tability estimates of body weight at 4 and 8 weeks of age to determine the breeding values 
of Fayoumi cocks. For the statistical analysis each sire used in this experiment had at least 
4 dams, and each dam had at least 3 offspring. The harmonic mean of dams per sire at 4  
weeks of age w as 7.63 and that of offspring per dam was 6.45. For heritability estimates anal-
ysis of variance based on the model given by K I N G H E N D E R S O N ( 1 9 5 4 ) was used. The 
breeding value of Fayoumi sires with respect to body weight was established using the follow-
ing methods ( A B D - E L L A T I F 1 9 6 8 ) . 
a) Hungarian Standard method: 
X, - X2 Breeding value of the sire — xlOO 
X2 
where X4 = average production of the daughters. 
X„ = average production of contemporaries. 
b) Lauprecht method: 
ZW = /( + h-(X — /(/,) -t- hj/i/ifi fi) 
where ZW — breeding value 
fi = breed average 
X = average of the daughters 
IUtf = average production of the farm 
h2 = heritability estimate of the trait 
hyi = heritability estimate of the trait in the farm 
c) Siler—Vachal method: 
ZW = 2b(y — Ay) + a 
where y = average of the daughters 
Ay = average of the contemporaries 
A = breed average 
b = regression coefficient. 
A statistical comparison between body means was made according to the new' multiple 
range test introduced by Duncan ( S T E E L — T O R R I E 1 9 6 0 ) . 
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Table I 
Breeding value of Fayoumi sires according to the body weight 
of their progeny at 4 weeks of age, using different methods of 
estimation 
Sire number Hungarian Standard Lauprecht Siler—Yachal 
l 26.7 123.5 233.8 
2 8.6 114.5 154.6 
3 -30.5 95.3 -23.6 
4 0.9 109.8 111.0 
5 — 20.9 100.0 20.0 
6 1.9 111.2 122.9 
7 13.3 116.9 174.4 
8 2.8 108.9 103.1 
9 9.5 115.0 158.6 
10 1.9 111.2 122.9 
11 -5 .7 107.5 87.3 
12 9.5 115.0 158.6 
13 -9 .5 105.6 61.4 
The data presented in Table 1 show breeding value estimations by body weight at 
four weeks of age according to the three equations. The ranking of the thirteen Fayoumi 
sires used in the experiment according to their breeding value (Table 2) showed that changes 
in the sire order, established on the basis of the production of their progeny, gave almost 
the same trend. The classification of the sires, carried out according to the Hungarian Standard 
method at 4 weeks of age, was made using three grades: 
Grade I: where the production of the progeny of the sire is equal to 108—127% as com-
pared to that of the contemporaries 
Grade II: where the above figure is 98 101% 
Grade III: where the production of the progeny is equal to 70—95% as compared to that 
of the contemporaries. 
According to this classification, sires 1, 7, 9, 12 and 2 were ranked in grade I, sires 6, 
10, 4 and 8 in grade II, and sires 11, 13, 5 and 3 in grade III. 
It was noticed that the superior sire 1 differed significantly from all the other sires, 
and that the differences between the sires within each category were not significant (Table 5). 
It was also observed that the superior sire 1 had a body weight almost twice as large as that 
of the last sire 3 (i.e. 133 as against 73 grams). This difference may be a reflection of the 
genetic variation, since all the progenies were brooded under the same environmental con-
ditions. However, no selection had been made before on this group. This genetic variation 
makes it possible to carry out selection for body weight according to progeny testing. 
At 8 weeks of age it was clear that the ranking of the sires was the same according to 
the different equations used and the classification mentioned before (Tables 3, 4; Figs 1, 2, 3). 
It was found that sires 1, 12, 2, 4 and 7 were ranked in grade I, sires 9, 6, 10 and 8 in grade 
II and sires 11, 5, 13 and 3 in grade III. It was of interest to notice that grade I included 
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Table 2 
Variation of the rtinking of sires by the body weight 
of their progeny at 4 weeks of age, 
according to different methods 
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Breeding value of Fayoumi sires according to the body weight 
of their progeny at 8 tveeks of age, using different methods 
of estimation 
Sire number H u n g a r i a n Standard 
1 2 6 . 4 
2 7 . 8 
3 - 1 5 . 4 
4 4 . 9 
5 9 . 2 
6 - 2 . 4 
7 3 . 4 
8 4 . 9 
9 1 . 9 
1 0 - 3 . 4 
1 1 - 6 . 3 
1 2 9 . 3 
1 3 — 1 1 . 1 
Lauprecht Siler—Vachal 
2 3 8 . 6 4 2 8 . 9 
2 1 9 . 5 2 8 2 . 4 
1 9 4 . 9 9 2 . 3 
2 1 6 . 7 2 5 8 . 6 
2 0 1 . 6 1 4 3 . 8 
2 0 8 . 9 1 9 9 . 2 
2 1 5 . 1 2 4 6 . 7 
2 0 6 . 1 1 7 9 . 4 
2 1 3 . 4 2 3 4 . 8 
2 0 7 . 8 1 9 1 . 8 
2 0 4 . 4 1 6 7 . 5 
2 2 1 . 2 2 9 4 . 2 
1 9 9 . 4 1 2 7 . 9 
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Fig. 1. Breeding value of sires by body weight at 4 and 8 weeks of age according to the 






S 90 H 
60 
30 -I 
П Breeding value at 4 weeks of age 
О Breeding value at 8 weeks of age. 
Sire 1 Sire 2 Sire 3 Sire 4 Sire 5 Sire 6 Sire 7 Sire 8 Sire 9 Sire 10 Sire I I Sire 12 Sire 13 
Fig. 2. Breeding value of sires by body weight at 4 and 8 weeks of age according to the 
Lauprecht method 
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Fig. 3. Breeding value of sires by body weight at 4 and 8 weeks of age according to the 
Siler—Vachal method 
Table 4 
Variation of the ranking of sires by the body weight 
of their progeny at 8 weeks of age, 
according to different methods 
Sire ranking according t o 
number Hungarian 
Standard Lauprecht Siler—Vachal 
i I I I 
2 i n HI III 
3 XIII XIII XIII 
4 IV IV IV 
5 XI XI XI 
6 VII VII VII 
7 V V V 
8 IX IX IX 
9 VI VI VI 
10 VIII VIII VIII 
11 X X X 
12 II II II 
13 XII XII XII 
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Table 5 
Comparisons between every two means of body weight at 4 and 8 weeks of age by the 
new multiple range test introduced by Duncan 
At 4 weeks of age 
Sires 1 7 9 12 2 6 10 4 8 11 12 5 3 
Means 133 119 115 115 114 107 107 104 102 99 95 83 73 
At 8 weeks of age 
Sires 1 12 2 4 7 9 6 10 8 11 5 13 3 
Means 254 223 220 215 212 209 201 199 196 193 188 184 176 
Note: Any two means not underscored by the same line are significantly different 
at the 5% level 
sires 1, 7, 12 and 2 at both ages, 4 and 8 weeks, while grade III contained the same sires in 
both cases. 
These results indicate that it is possible to apply any one of the three equations used 
in the experiment to predict the breeding value of cocks according to early information on 
their progeny. 
* 
Prepared at the Animal Production Department, Faculty of Agriculture, Tanta 
University, Shebin El-Kom, Egypt. 
M . E . ABD-ELLATIF, F . H . ABDOU 
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CHEMICAL INDUCTION OF MALE STERILITY IN SUNFLOWER 
The difficulties to be overcome in making use of the heterosis effect vary at present 
with the plant species. It is probable, therefore, that economically efficient solutions will 
be arrived at in different ways. In the case of strictly xenogamous plants, like the sunflower, 
no practical application of the heterosis effect can be reckoned with without the castration 
of the bisexual flowers. Fortunately, genie, cytoplasmic and self-incompatible methods offer 
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possibilities which, though more time-consuming, can already be utilized. Since the cyto-
plasmic transmission of pollen sterility, and the detection and introduction into high pro-
ductivity inbred lines of pollen fertility restorer factors are for several reasons complicated 
and time-consuming, some other solution must definitely be found. 
Few authors have dealt as yet with the chemical induction of male sterility in sun-
flower. Although attempts to influence the sex ratios in certain plants with unisexual flowers 
have been successful, adaptable results can be obtained from these experiments only in a 
very general sense ( L A I B A C H — K R I B B L N 1 9 5 0 , W I T T W E R H I L L Y E R 1 9 5 4 ) . This is demon-
strated convincingly by the summaries of W I T T W E R — B U K O V A C ( 1 9 5 8 ) , B Ü N S O W ( 1 9 5 8 )  
J U N G — P F A F F ( 1 9 5 8 ) and K N A P P ( 1 9 5 8 ) , and by the maleie hydrazide treatment applied 
by N A Y L O B ( 1 9 5 0 ) , D E N I S E N — H A B E R ( 1 9 5 0 ) and MOORE ( 1 9 5 0 ) in maize, and the sodium 
A-J3-dichloroisobutyrate treatments used by E A T O N ( 1 9 5 7 ) in cotton and by B U T T E R F A S S 
( 1 9 6 0 ) in sugar-beet, which were only partially successful, since S C H U S T E R ( 1 9 6 1 , 1 9 6 3 , 1 9 6 9 )  
made abortive attempts with the above chemicals as well as with a-naphthyl-acetic acid 
(NAA), /З-indole-acetic acid (IAA) and 2,4-dichloro-phenoxy-acetic acid (2,4-D) in sunflower. 
This may be caused by the low reproducibility of the experimental results. Such unreliability 
is unacceptable even if the method is to he introduced into the crossing technique of breeding. 
The direct use of these materials is thus only of theoretical importance at present, though 
later they may well he taken into consideration in a possible combined experimental metho-
dology. K I E R M A Y E R ( 1 9 5 9 ) found the tri-iodo-benzoic acid treatment to cause androeceum 
reduction in the sunflower, hut his results require further corroboration. 
Much more promising results are reported by S C H U S T E R ( 1 9 6 1 , 1 9 6 3 , 1 9 6 9 ) and K L I M O V 
( 1 9 7 1 ) in experiments performed with gibberellin in sunflower, though the treatments applied 
to maize by N E L S O N — R O S S M A N N ( 1 9 5 8 ) and the reproduction studies made by S C H U S T E R 
( 1 9 6 1 ) himself make them less unambiguous. According to B A R A B Á S ( 1 9 7 6 ) the application 
of this treatment has no future, despite the fact that P A L E Y — A S P I N A L L ( 1 9 5 8 ) and SCHMALZ 
( 1 9 6 0 ) report the successfulness of gibberellin treatment on barley. 
From the above it may be concluded that further chemicals and methods should be 
tested, and it is also probable that the solution will be different for each species. The aiin 
of our experiments was to induce male sterility in sunflowers by means of hormones, and 
to study the dependence of this mechanism on environmental factors, in the course of which 
an answer may be forthcoming to the question of reproducibility and to other morpho-
physiologieal problems arising after the treatment. 
In the outdoor trials set up at the Kiszombor station of the Cereal Research Institute 
a dwarf inbred line of the Soviet sunflower variety WNI1MK 6540 was used. The seed was 
obtained from the 1974 propagation. Sowing was carried out on 9th May 1975 at a spacing 
of 60 X 60 cm. The treatments were scheduled for the 33rd day after sowing and the sub-
sequent 3x2 days; of the possible methods of application those chosen were surface treat-
ment on the growth tip of the shoot and on the leaves, and injection into the stalk. In the 
first year natural plant hormones were used: 0.033, 0.016 and 0.0033% aqueous solutions 
of gibberellic acid (GA3) and 0.01, 0.005 and 0.001% aqueous solutions of indole-acetic acid 
(IAA). Each of the 36 combinations was tested in a plot with 16 plants. Besides the pollen 
production we studied the extent of full sterility and self-incompatibility as well as the effects 
of these chemicals on the vegetation period, plant height, diameter of head, size of leaf and 
thousand-achene-weight. The term parital protogynia refers not to the flower but to the 
capituluin as a whole. (Either only the outer or only the inner circles are fertile.) The experi-
ments also enabled us to determine the changes occurring in the endogenous IAA and GA3 
contents following the treatments, the results of which will be published elsewhere. 
As shown by the data of Table 1 none of the concentrations of IES produced any 
effect, that is, the differentiation of the androeceum was found to be normal. This was proved 
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(day) protogynia, % 
% Note 
(day) I и I It 
SGTS June 11th 0.01 13-19 17.5 100 — 1047 2.9 414 12.5 58.3 65.6 
SGTS June 11th 0.005 13-20 17.2 100 - — 1112 1.4 587 72.9 64.0 95.6 
SGTS June 11th 0.001 14 19 17.6 100 _ — 999 17.4 909 68.4 80.0 92.6 
IN June 11th 0.01 17-20 18.1 100 — — 1252 9.3 660 74.5 68.6 90.1 
IN June 11th 0.005 17-21 19.0 100 
-
- 911 9.1 711 47.2 67.7 91.9 
IN June 13th 0.001 14 19 17.2 100 
— — 695 — 738 49.5 72.0 89.6 
SGTS June 13th 0.01 16-22 19.0 100 Í — — 951 3.9 807 68.2 86.0 99.3 
SGTS June 13th 0.005 13 21 18.8 100 — — 710 0.6 863 84.7 78.7 89.8 
SGTS June 13th 0.001 14 18 16.4 100 — — 1134 10.6 871 61.4 79.5 85.0 
LS June 13th 0.01 13-22 17.3 100 — — 1153 — 917 51.6 71.9 78.1 
LS June 13th 0.005 15-20 18.0 100 
— — 1333 1.2 1565 72.5 63.5 82.5 
LS June 13th 0.001 15-19 16.5 100 — — 1043 1.7 1062 64.0 71.9 70.5 
SGTS June 15th 0.01 17-21 19.5 100 — — 1120 14.0 — — 78.0 — 
SGTS June 15 th 0.005 19- 20 19.0 100 — — — — 256 3.1 — 53.8 
SGTS June 15th 0.001 16-22 19.1 100 — 1481 68.3 646 71.2 107.3 62.1 
SGTS June 17th 0.01 13-19 16.9 100 — 843 13.8 999 68.2 77.5 90.0 
SGTS June 17th 0.005 17-20 17.9 100 — — 1145 23.8 787 80.2 86.5 88.8 
SGTS June 17th 0.001 15-22 17.4 100 




Signs and abbreviations: SGTS: shoot growth tip surface treatment 
IN: injection I: cross pollination 
LS: leaf surface treatment II: self-pollination 
Table 2 

































krotogynia, % I II 
SGTS June 11th 0.033 11-15 13.0 — 33.0 67.0 283 4.2 64.0 — — 
SGTS June 11th 0.016 13-18 14.5 57.1 14.2 28.7 330 0.9 53.5 — — — 
SGTS June 11th 0.0033 13-18 14.7 70.0 20.0 10.0 980 — 63.7 — — — 
IN June 11th 0.033 10-13 12.2 — 37.5 62.5 225 — 48.6 — — — 
IN June 11th 0.016 13-19 16.6 33.0 67.0 — 288 8.6 65.5 — — — 
IN June 11th 0.0033 11-19 14.6 87.5 — 12.5 523 5.2 63.7 — — — 
SGTS June 13 th 0.033 13-17 14.8 — 60.0 40.0 225 — 62.3 — — — 
SGTS June 13th 0.016 11-14 12.9 22.3 33.3 44.4 295 31.0 76.2 — — — 
SGTS June 13th 0.0033 8- 16 12.1 77.7 22.3 — 869 1.2 68.8 — — — 
LS June 13th 0.033 11 15 12.7 8.4 58.2 33.4 252 7.1 68.8 — — — 
LS June 13th 0.016 9 - 1 8 13.7 45.5 18.2 36.3 353 — 73.7 183 64.5 98.0 
LS June 13th 0.0033 13-18 15.7 91.0 9.0 — 930 20.8 67.5 — — — 
SGTS June 15 th 0.033 12-18 15.7 — — 100.0 147 3.4 63.0 — — — 
SGTS June 15 th 0.016 15-20 15.6 — 25.0 75.0 322 2.8 41.8 — — — 
SGTS June 15 th 0.0033 12-18 15.2 75.0 12.5 12.5 716 1.3 57.0 872 81.0 54.3 
SGTS June 17th 0.033 12-18 13.5 — 18.0 82.0 370 15.6 63.4 — — — 
SGTS June 17th 0.016 9 - 1 6 12.8 9.2 27.2 63.9 458 19.2 67.7 — — — 
SGTS June 17th 0.0033 10-19 14.7 63.6 18.2 18.2 1107 20.5 56.1 1776 98.5 118.0 
Control 16-19 17.0 100.0 
— 
1260 13.5 78.6 
— — — 
Note: in protogynous type flowers no pollen formation was found. 
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Table 3 
Effects of indole-3-acetic acid and gibberellin (GA3) 
on plant height, head diameter and leaf size 
Chemical 
P l a n t height 
(cm) 




IAA 93.6 23.9 24.3 
GA3 139.0 14.2 12.6 
Control 94.6 21.3 19.1 
by the fact that in the presence of pollen from another plant the number of achenes per 
capitulum remained at the level of the control; the occasional lower values were due to 
individual deviations. It should be added that we found a simultaneous increase in thousand-
achene-weight, which also affected the total yield. In the case of strict self-pollination seeds 
were absent from most of the achenes developing in the capitulum, as proved by the high 
percentage of empty achenes. As to the other morphophysiological effects of IAA (Table 3) 
we recorded the beginning of flowering (on a plot average), and the final plant height, head 
diameter and leaf width, irrespective of the concentration and method of treatment. 
As regards the properties mentioned except for the plant height — we found some-
what increasing values expressed in a delay of about 1—2 days in flowering and in the larger 
diameters of the capitulum and leaf. Apart from this, the yellowing of leaves at the time of 
ripening sets in later than in the control plants. 
Much more favourable results are reflected by the data of Table 2. In spite of the 
unfavourable rainy weather, the surface treatment of the growth tip of the shoot with a 
0.033 per cent aqueous solution of GA3 on the 37tli day after sowing resulted in 100% male 
sterility. The best result with the 0.016% concentration was also obtained at this time. With 
other times and methods of treatment the efficiency of GA3 application decreased. On each 
occasion the highest concentration applied gave the most favourable full protogynia per-
centage. On the other hand, it can be regarded as an unfavourable phenomenon that the 
efficiency of the treatment showed a strictly negative correlation with the number of achene 
per capitulum, which according to the data in Table 3 can be explained by a decrease of 
about 70% in the size of the head compared to the control. The percentage of empty achenes 
was substantially lower than what was expected. At low concentrations of GA3, where 
protandric plants occurred in large numbers, self-pollination was also carried out. The result 
was a very strong fertilization disorder. 
As for the other properties, gibberellic acid increased the final length of the stalk by 
some 30%, but decreased the width of the leaf (length unchanged) and the diameter of the 
capitulum, and resulted in flowering being 4 - 5 days earlier. 
From the above data it can be seen that the induction of male sterility is a function 
not only of the nature of the chemicals applied but also of the concentration and the time 
of treatment. 
This latter represents the greatest difficulty in outdoor and mass application, since 
it is related to the uniformity of the population, which is very difficult to ensure at the desired 
level under outdoor conditions even using inbred material. Another unfavourable phenomenon 
connected to this is the negative correlation between the achene yield and the protogynia 
percentage at the population level. There was deliberately no mention made of the manner 
of treatment since it is closely related to the concentration and with the amount of material 
which the plant can absorb in a short time. 
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Here reference must be made to an earlier work in which we studied the effect of tha 
given hormone treatments on the endogenous auxin and gibberellin levels in the sunflower. 
The changes in the auxin and gibberellin contents mostly showed a negative correlation, 
but the exceptions and the apparently contradictory literary data ( P O Z S Á R 1 9 6 4 ) prove that 
the concentrations is of decisive importance for the rearrangement of biochemical processes 
within the cell. In the present experiments the "threshold value of total gibberellin" neces-
sary to induce male sterility was ensured by the method of treatment and the concentra-
tion. This is shown by the differences in effectiveness between the applied methods, which 
ensure the right time and quantity of material uptake in a different measure. Thus the gib-
berellin may inhibit or, in certain cases, stimulate the process of auxin decomposition. It is 
also probable that the decisive factor is the intensive metabolism, that quickly eliminates 
the results of exogenous influences, rather than the constantly higher endogenous gibberellin 
and lower auxin content. This is clear from a comparison of the results of concentrations 
and treatment times. Thus we may assume that either directly or indirectly the gibberellin 
plays the role of a fairly specific inductor in the complicated process of flower differentiation. 
Although the changes in the endogenous indole-acetic acid and gibberellin levels 
show different tendencies in the IAA-treated plants than in those treated with gibberellin, 
the possibility of future IAA application is not unequivocally excluded. In order to discover 
the relationships higher concentrations will also be tested in the future. 
In spite of the current difficulties the method described can be recommended to 
facilitate the implementation of crossing experiments. As regards the production of sun-
flower hybrid seed, cross-pollination should be guaranteed and an acceptable yield ensured. 
A basic condition for this is the establishment of a genetically stabilized, uniformly germinat-
ing and developing stand and the discovery of cheap, prolonged action, readily available 
and transportable chemicals. These are necessary because of the protracted flowering period, 
and to reduce to a minimum the influence of unfavourable weather conditions. From the point 
of view of ensuring an adequate quantity of hybrid seed production, it is not certain that 
the use of high concentrations causing full protogynia, together with post-treatments to 
compensate for the negative effects, is the right solution. It may be questioned whether it 
is at all possible to make acceptable "corrections" to changes affecting the whole habit after 
such treatments. The high number of achenes per capitulum and the percentage of empty 
achenes obtained in the course of self-pollinating fertile plants treated with low concentra-
tions seem very promising. 
* 
Prepared at the Cereal Research Institute, Szeged, and the József Attila University, 
Department of Plant Physiology, Szeged. 
J . F R A N K , F . S . K Ö V E S 
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INTERLINK IN MINERAL COMPOSITION BETWEEN HOST 
AND PARASITE DURING CUSCUTA INFECTION 
Heterotrophic plants like Cuscuta obtain their mineral requirements from the host 
plant along with their organic food ( T H O M S O N 1925). These minerals may either enter into 
the body composition of the parasite (e.g. Mg, S), play an important role in energy transfer 
(e.g. P), act as coenzymes (e.g. Fe, Mo, S) or activate several enzyme systems (e.g. Mn). The 
role of some of the elements, such as potassium and calcium, is not yet fully known ( B O N N E R 
1950, S T E W A R D 1959), although they are undoubtedly essential for flowering plants ( M E Y E R — 
A N D E R S O N 1952). A few studies on the chemical composition of Cuscuta have been carried 
out by various workers, such as A G A R W A L — D U T T (1935), G O P I N A T H et al. (1962), J A I N — 
M I S H R A (1963) and S U B R A M A N I A N — N A I R (1963). However, in the literature no reference has 
been found to a relationship in mineral composition between the parasite and the host except 
for that with phosphates during infections by Cuscuta (SINGH et al. 1963) and Loranthus 
( P R A K A S H et al. 1967). 
The present investigation was undertaken to study the Cuscuta — host relationship 
with respect to mineral composition. The distribution of minerals in the host and the parasite 
forms the first phase of the present study. The study of ratios of different ions, such as Fe/Mn, 
Na/K and P/S, have revealed many ionic interactions ( C U R T I S — C L A R K 1950). A study of the 
ratios of Fe/Mn, Ca/Mn, Ca/Fe, Ca/K, Mn/Mo, P/Mo and P/S forms the second phase of this 
investigation. 
Specimens of Cuscuta reflexa growing on twelve hosts (viz. Ficus glomerata Roxb., 
Ficus carica L., Carissa carandas L., Citrus aurantifolia L., Inga dulcis Will., Duranta pul-
mieri Jacq., Ricinus communis L., Annona squamosa L., Aegle marmelos Corr., Ixora pervi-
flora Vahl., Psidium guayava L., Salmalia malabarica Seh. & Endl.) were collected at the 
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Fig. 1. Overall mineral composition of host—parasite complex antl parasite (mean of twelve 
hosts) as percentage of host values 
preflowering stage of the parasite (August—September). Corresponding samples of the host 
and the host—parasite complex were also collected at the same time for the analysis of mineral 
composition. By host—parasite complex we mean the gall region of the host where the parasite 
has introduced its haustoria, but excluding the parasite stem or filament. 
Soon after the samples were taken from the field, they were brought to the laboratory 
oven-dried and the analysis of mineral composition was carried out according to methods 
described in the standard textbooks, i.e. for phosphorus after K U T T N E R L I C H T E N S T E I N 
( 1 9 3 2 ) , for potassium, magnesium, calcium and sulphur after W A R D J O H N S T O N ( 1 9 6 0 ) , for 
iron, manganese and molybdenum after S N E L L S N E L I . ( 1 9 5 9 ) (carried out after wet ashing 
with perchloric acid bv the colorimetric method). The correlation values of hosts and parasite 
were studied. The results are given as percentages. 
Figure 1 reveals that except for phosphorus, potassium and sulphur, the rest of the 
elements under study (Mg, Ca, Fe, Mii and Mo) were found in higher quantities in the host 
tissues than in the parasite. The quantities of the minerals P, К and S accumulated in the 
parasite were in the sequence given. The mineral composition of the host—parasite complex 
showed a lower value for P, K, Mg and Ca than that of the parasite, but this was not the case 
for sulphur, iron and manganese. The molybdenum content was almost the same in the para-
site and in the host—parasite complex, which mainly represents the parasitized host tissue. 
The accumulation of sulphur in the host—parasite complex is most striking and the value 
surpasses the sulphur values of both the host and the parasite. 
Correlation studies (Fig. 2) have revealed a positive correlation between the mineral 
composition of the host and the parasite. Studies of mineral ratios (Fig. 3) have shown good 
correlations for Fe/Mn, P/Mo and P/S between the host and the parasite. This indicates the 
probable role of these elements in the nitrogen metabolism and oxidative process of the 
parasite. 
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Fig. 2. Correlation between the mineral composition of host and host—parasite complex 




The mineral composition of plants largely depends on the availability of inorganic 
nutrients and the physiological capacity of the plants to absorb them ( T R U O G 1 9 6 1 ) . This 
gives rise to the idea of foliar diagnosis for judging the nutrient status of the soil ( R U S S E L L -
R U S S E L L 1 9 6 1 ) . Since the host of the Cuscuta is the substrata of the parasite, the mineral 
composition of the parasite, as anticipated, varied with the availability of inorganic nutrients 
from the host tissue. It must he borne in mind that the host is a living substrate and naturally 
the elements did not all behave identically ( P H E V O T OLLAGNIER 1 9 5 7 ) . 
Phosphorus, potassium and sulphur are accumulated in the parasite to a much higher 
degree compared to other elements. The requirement of magnesium for the parasite is lower 
than for the host: this could be related to the scanty amount of chlorophyll present in the 
parasite ( P A T T E E et al., 1965). However, vestigial chlorophyll has a higher magnesium require-
ment than the host—parasite complex, w hich has very little chlorophyllous tissue. The parasite 
has a lesser demand for calcium than the host. 
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Fig. 3. Correlation between the mineral ratios of the host and host—parasite complex against 
the parasite 
The low level of manganese and molybdenum in the parasite could indicate t h a t the 
parasite obtains nitrogen from the host in an organic form and tha t the intermediate reduc-
tion processes are perhaps totally bypassed. The positive correlations for Fe/Mn, P/Mo and 
P/S between the host and the parasite suggest t h a t the most important role of the minerals 
in the physiology of the parasite is through energy transfer, and through enzyme reactions 
involving ni t ra te reduction or oxidative processes. Furthermore, the rapid growth of the 
parasite is directly related to a high phosphorus uptake. 
* 
Prepared at the Depar tment of Botany, Banaras Hindu University, Varanasi-5. 
M . K . B H A T T A C H A R Y A 
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FIVE YEARS RESULTS OF INVESTIGATIONS INTO POWDERY MILDEW 
IN WHEAT AT MARTONVÁSÁR ( 1 9 7 1 1 9 7 5 ) . II. 
ROLE OF VARIETY IN RACE COMPOSITION 
The composition of the pathogenic race population depends on numerous factors of 
which the major ones are: resistance of commercially grown varieties, virulence of the race, 
climatic factors ( L E L L E Y 1 9 5 9 , В Е К Е 1 9 6 5 , V A N D E R P L A N K 1 9 6 8 , G E S E L E 1 9 6 9 , S Z U N I C S -
SZUNICS 1 9 7 4 ) . Starting from this basis we carried out investigations to find out which powdery 
mildew races attacked the commercial wheat varieties, what the difference between the 
varieties was, and what the explanation of Kavkaz and Avrora having ''lost" their resist-
ance was. 
Powdery mildew was collected from different varieties sown oil the trial area. In 
identifying the races the method of NOVER ( 1 9 5 7 ) was used. 
Table 1 shows the percentage distribution of races isolated from varieties grown on 
larger areas in the past years; 27 races have been isolated from Bezostaya 1. This variety 
is susceptible to practically all races, as proved by the fact that the occurrence percentages 
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Table 1 
Percentage distribution of wheat powdery mildew races isolated from different varieties 
(1970/71 —1974/75) 
R a c e s 
Varieties 
Bezos tava I | Fertődi 293 j Mironovakaya 808 
R a n n y a v a 
12 Avrora Kavkaz 
0 8.99 8.47 7.02 5.45 
l 1.12 
2 3.38 3.39 3.51 3.64 5.66 12.96 
3 4.49 10.17 1.75 9.09 1.89 
4 11.23 11.86 8.78 14.55 26.41 12.96 
5 1.69 3.51 1.89 
7 3.38 6.78 7.02 3.64 
8 1.82 
9 4.49 5.08 10.53 9.09 9.43 18.53 
10 1.12 3.77 3.70 
13 8.99 8.47 1.75 3.64 
14 6.74 6.78 8.78 7.27 3.77 
15 3.38 1.75 1.82 
16 2.25 5.08 
17 1.12 1.82 
18 2.25 3.39 5.45 1.85 
19 1.12 1.69 1.75 
21 1.12 1.69 1.82 
22 1.12 
24 1.89 
26 7.87 8.47 19.30 5.45 22.64 11.11 
27 4.49 9.26 
29 1.70 
30 1.75 1.82 1.85 
31 1.12 1.70 1.75 5.45 
32 5.62 1.70 1.75 1.82 7.55 7.41 
35 2.25 1.75 1.85 
40 1.70 3.51 
43 1.70 
44 1.12 1.70 1.85 
46 2.25 1.70 1.75 1.89 
47 2.25 3.39 
48 1.12 1.75 3.64 1.89 
52 5.62 10.54 12.72 11.32 16.67 
53 1.70 
Pure culture produced 
(n) 89 59 57 55 53 54 
Isolated races (n) 27 23 20 1 13 12 
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Fig. 1. Infection of the varieties Neuzueht, Bezostaya 1, Kavkaz and Avrcra by various 
races of powdery mildew 
of the races are similar, with the exception of races 0, 4 and 13. It is on this variety that 
pure cultures are propagated and the races maintained. 
In the powdery mildew population collected from the variety Fertődi 293 a total 
of 21 races have been identified; with the exception of races 0, 3, 13 and 26 they show the 
same frequency of occurrence. Twenty races have been isolated from Mironovskaya 808; the more 
frequent ones are: 9, 24 and 52. Of the 19 races isolated from Rannyaya 12, Nos 3, 4, 9 
and 52 are dominant. While the total number of races isolated from Avrora and Kavkaz is 
lower, the number of those showing a higher virulence is larger. 
This also shows that the resistance of the host (variety) is not a general feature but 
one effective against certain races of the pathogen. The same opinion is held by S T A K M A N — 
H A B R A R (1957) and K I R Á L Y (1969). When studying the host—parasite relation the relation-
ship of two living organisms under given climatic, soil and production technology conditions 
is always taken into consideration. The factors mentioned may influence the resistance of 
the host plant and the aggressiveness of the pathogen. Both host and pathogen have definite 
genetic features, among others variability. Consequently, the introduction of a new resistant 
variety in commercial production may result not only in the decrease of the prevalent races, 
but also, in response to the new conditions, existing races which have so far occurred in low 
percentages (sporadic races) may multiply, while entirely new races may also come into exist-
ence. As these increase in numbers, the earlier resistant variety will become susceptible. That 
is what has happened to the varieties Kavkaz and Avrora in Hungary. 
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As is known, in 1968, when Kavkaz and Avrora were introduced, they were resistant 
to powdery mildew. These varieties were produced by crossing (Neuzucht X Bezostaya 4) 
with Bezostaya 1 ( L U K Y A N E N K O 1 9 6 7 ) . They seem to have inherited their resistance from 
Neuzucht. This theory is confirmed by the similarity of their susceptibility to certain races 
and resistance to others (Fig. 1). 
Several years after the introduction some Kavkaz and Avrora plants became infected 
while others remained resistant, that is, the two varieties were no longer uniformly resistant. 
In the subsequent years the resistant plants completely disappeared, and the whole stand 
was uniformly infected, although this occurred 10—14 days later than in the other varieties. 
By now even this difference has ceased and these varieties too are susceptible. 
The "loss" of resistance has been explained by our experiments. The race composition 
of the pathogen depends in the first place on the susceptibility of the varieties grown. Since 
until 1970 Bezostaya 1 was grown on nearly 80% of the wheat area in Hungary, and this 
variety is susceptible to all races of wheat powdery mildew, the races in the population 
therefore had identical chances. With the introduction of Kavkaz and Avrora the situation 
has changed. As seen in Fig. 1 these varieties were resistant to certain races and became 
infected by others. The latter, however, represented only a minor part of the pathogen 
population, so the precondition of biological plant protection could be developed, since the 
multiplication of races pathogenic for these varieties took time. But as the sowing area of 
Kavkaz and Avrora increased the pathogen was able to spread at a faster rate. 
Kavkaz and Avrora have a vertical resistance. Of the 38 races isolated in Hungary 
12 were isolated from Kavkaz. The more frequent ones are: 2, 4, 9, 26, 27 and 52. Of the race 
virulent to Kavkaz races 4, 26 and 52 have primarily spread. Thus, Kavkaz and Avrora are 
mainly infected because of their susceptibility to races 4 and 26, which have been known 
for some time, and to 52, a recently isolated race. 
Figure 2 shows the sowing areas of Kavkaz and Avrora and the distribution of races 
isolated from them. With the increase of the sowing area of these two varieties the races 
virulent to them have also grown in number. In 1971 the races isolated from Kavkaz made 
up 38% of the race population; their proportion grew to 84.7% by 1975. In the same period 
the joint sowing area of Kavkaz and Avrora increased from 1 to 48%. 
It is still more interesting to look at races 4, 26 and 52. These three races represented 
4% of the powdery mildew population at Martonvásár in 1971, 23% in 1972, 29% in 1973, 
45.5% in 1974 and 55% in 1975. 
With the spreading of races virulent to resistant varieties, the hitherto resistant 
varieties become susceptible, which results in the need to produce new resistant varieties, 
and to introduce them into commercial production. Thus, breeding for resistance is a per-
manent process. Its success depends on various conditions, one of which is the proper choice 
and utilization of the source of resistance. 
The task of breeding for resistance is to produce, select and propagate genotypes 
resistant to diseases and outstandingly good as regards their economic properties. In general, 
the best varieties are used for crossing. Good resistance sources are small in number; therefore 
crossing is often carried out repeatedly with the same donor. Consequently, the new varieties 
may be related to one another. As an example we can mention Bezostaya 1, which is grown 
even now on a relatively large area in Hungary. With regards to their share in the total wheat 
area, this is followed by Kavkaz and Avrora. The male parent of the two latter varieties 
was Bezostaya 1. The four new Martonvásár wheat varieties recently certified also had Bezo-
staya 1 as one of their parents. This leads to genetic uniformity in the commercially grown 
varieties. Due to their genetic similarity (uniform susceptibility) they promote the rapid 
multiplication of certain pathogens. In Hungary the fact that wheat powdery mildew has 
gained ground to such an extent can be brought into connection with the increased sowing 




















Fig. 2. Sowing area of Kavkaz and Avrora and distribution of races isolated from them 
(— sowing area of Kavkáz and Avrora, ••• total races isolated from Kavkaz, 
— • race 4, race 26, — • • race 52) 
1970/71 1971 /72 1972/73 1973/74 1974/75 
Year 
area of Bezostaya 1. The introduction of Kavkaz and Avrora has resulted in the development 
and multiplication of new races. Therefore the breeders must make a supreme effort to utilize 
resistance sources with different genotypes. This is why we agree with the statement made 
by H A G B E R G ( 1 9 6 8 ) that the sources of resistance in our possession must be used with great 
care in order to prevent the evolution of new races of pathogen and increase the degree of 
resistance. 
* 
Prepared at the Agricultural Research Institute of the Hungarian Academy of Sci-
ences, Martonvásár. 
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V A R I A B I L I T Y AND H E R I T A B I L I T Y O F E A R L Y G R O W T H V I G O U R 
A N D ITS ASSOCIATION W I T H F O R A G E A N D G R A I N Y I E L D S 
I N B A J R A P E N N I S E T U M T Y P H O I D E S (BURM F.) S & II 
Baj ra is an excellent forage crop for low fer t i l i ty and low rainfall areas . A subs t an t i a l 
v a r i a t i o n in f o r a g e y i e l d w a s o b s e r v e d b y GUPTA — A T H W A L ( 1966 ) a n d GUPTA—NANDA 
(1971). However , the desired success in forage i m p r o v e m e n t through d i rec t selection for t h i s 
charac ter could he achieved because of its low her i tab i l i ty values (BURTON 1959, GUPTA — 
NANDA 1971). The possibility of i m p r o v e m e n t in forage yield through selection for any o n e 
of its components , n a m e l y tiller n u m b e r , leaf number , leaf size and plant he igh t is also d o u b t -
fu l , as their associat ion with forage yield was not cons is ten t in d i f fe ren t groups of collec-
t ions (GUPTA —NANDA 1971). Thus there is a need to f i n d a suitable selection criterion which 
m a y be used to improve forage yield. 
Ear ly g rowth vigour has been repor ted to be posi t ively associated with forage yield 
in o ther crops (TWAMLEY 1973) b u t there is no in fo rmat ion regarding its va lue in bajra fo rage 
improvemen t . A s t u d y was therefore conducted to discover the var iabi l i ty and her i tabi l i ty 
of early grow th vigour and its association with forage yield . Grain yield was included in t h i s 
s t udy to explore the possibility of producing a dua l -purpose variety, t h a t is for forage as 
well as grain. E s t i m a t e s of var iabi l i ty and heri tabi l i ty of forage yield a n d grain yield were 
also obta ined, because such in format ion is useful in p lann ing a breeding programme. D a y s 
to flowering, when the forage crop was harvested, m a y affect the forage yield. There fore 
th i s character was also studied. 
The mate r i a l cf the s tudy included 12 male ferti le lines selected a t r a n d o m from those 
which performed well under local condi t ions during the 1971 and 1972 seasons, 2 male s ter i le 
lines (Tift .23A and Ti f t .23D,A) and 15 F , crosses of male l ines with Ti f t .23A and/or T i f t .23D 2 A 
(Table 1). In addi t ion to these, HB-3 , HB-4 and 3 new hybr ids , namely , Tift .23D„A X R . 4 9 
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Table 1 
Mean values of inbred parents and l'\ crosses regarding early growth vigour, 
forage and grain yield in bajra 
S. No. Inbred/crosses 
E a r l y g r o w t h 1 
v i g o u r (g) 
F o r a g e yie ld 2 
(g) 
G r a i n y ie ld 
p e r p l o t (g) 
1 . T i f t . 23A 17.7 125.7 280.2 
2. T i f t . 23D,A 18.3 150.9 191.5 
3. 2 3 - 3 9.1 98.2 44.8 
4. 4 9 - 2 13.6 118.6 142.3 
5. 5 2 - 2 19.8 144.3 191.0 
6. 1 9 - 7 - 8 41.3 238.3 243.0 
7. 19 - 3 3 - 3 6 22.1 126.2 212.7 
8. 97 4 17.8 91.9 93.9 
9. 1 4 7 - 3 10.2 113.8 150.8 
10. 1 7 7 - 2 15.0 77.6 161.8 
11. 1 9 2 - 1 19.8 149.5 128.7 
12. 1 9 9 - 1 24.7 196.0 206.1 
13. 2 0 9 - 5 17.2 131.4 305.1 
14. K —560 14.7 127.6 165.4 
15. T i f t . 23A x 2 3 - 3 21.3 164.1 447.3 
16. T i f t . 23A x 49 -2 33.5 177.4 434.0 
17. T i f t . 23A x 52 2 36.7 190.3 469.7 
18. T i f t . 23A x 1 9 - 7 8 31.7 163.2 412.2 
19. T i f t . 23A x 19 33 36 20.8 203.7 328.3 
20. T i f t . 23A x 9 7 - 4 26.8 198.2 420.2 
21. T i f t . 23A x 147 - 3 30.2 291.6 335.0 
22. T i f t . 23A x 177 - 2 19.9 147.1 482.2 
23. T i f t . 23A x 192 1 32.0 190.7 555.1 
24. T i f t . 23A x 199 3 26.6 186.9 389.2 
25. T i f t . 23A x 209 5 35.0 256.8 411.6 
26. T i f t . 23D,A x 147 — 3 29.2 226.2 349.4 
27. T i f t . 23D,A x 97 — 4 33.1 146.1 577.5 
28. T i f t . 23D,A x 1 9 - 3 3 - 3 6 21.3 117.9 414.9 
29. T i f t . 23D,A x 1 7 7 - 8 28.8 162.7 304.7 
30. T i f t . 23D,A x R . 49 22.3 184.2 409.8 
31. T i f t . 23D,A x 11. 91 28.4 175.5 467.6 
32. T i f t . 23D,A x R . 117 18.4 130.8 370.8 
33. H B - 3 39.0 170.7 395.5 
34. H B - 4 19.4 133.7 418.5 
C. D. 5°и 13.0 141.4 238.6 
1
 D r y we igh t of 5 t h i r t y d a y s old p l an t s 
2
 D r y weight of 5 r a n d o m plants at h e a d i n g stage 
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Table 2 
Mean squares for different characters for inbred parents and Fl crosses in bajra 
Source D . F . 





F o r a g e 
y ie ld G r a i n y ie ld 
Parents 13 181.2* 196.5 5162.5* 1449.2* 
Crosses 19 118.1* 220.3 5249.4* 14359.4* 
Parents vs. crosses 1 12025.3** 346.0 52004.1** 1423169.3** 
Error 66 64.53 216.5 2500.8 7124.6 
* a n d ** = significant a t 5 % and 1% leve l respectively 
Tif t .23D 2A x R . 9 1 and Tif t .23D„A X R.117, w h i c h are currently in co-ordinated t r i a l s , were 
also included in the s tudy. 
The mate r i a l was e v a l u a t e d in a r a n d o m i z e d complete b lock design wi th 3 replica-
tions in t he 1973 kharif ( ra iny season). E a c h p l o t consisted of f ive 4.5 m long rows spaced 
45 cm a p a r t . Only the middle 3 rows were u s e d for recording t he d a t a . The dry w e i g h t of 5 
randomly selected 30 days old p l a n t s f rom each p lo t was recorded as a measure of e a r l y growth 
vigour. S imi lar ly , the dry weight of 5 r andomly selected plants f r o m each plot when i t reached 
50% heading was recorded as a measure of fo rage yield. The grains p roduced by all t h e remain-
ing p lants were taken as gra in yield/plot. The n u m b e r of days f r o m plant ing to 5 0 % heading 
was recorded as days to head ing . 
T h e s t a n d a r d s t a t i s t i c a l m e t h o d (SNEDECOR— COCHRAN 1 9 6 8 , 2 9 9 — 3 1 0 ) w a s u s e d fo r 
the analysis of variance and for the par t i t ion ing of the t r e a tmen t var iance into c o m p o n e n t s 
due to p a r e n t s , crosses, and p a r e n t s versus crosses comparisons. Phenotyp ic a n d genotypic 
correlation coefficients were calcula ted by f i n d i n g the appropria te phenotypic a n d genotypic 
covariance a n d variance c o m p o n e n t s using t h e procedure given b y AL-JIBOURI et al. (1958).  
The corre la t ion coefficients be tween di f ferent characters were calcula ted for p a r e n t s and 
crosses sepa ra t e ly and also for combined d a t a , b u t only the last is r epo r t ed because t h e coeffi-
cient va lues fo r the two g roups were similar. P a r t i a l correlation coefficients were calculated 
a c c o r d i n g t o SNEDECOR— COCHRAN (1968, 4 0 0 — 402) . T h e h e r i t a b i l i t y fo r e a c h c h a r a c t e r 
was calcula ted as the regression coefficient (b) of crosses on their m i d - p a r e n t values (FALCONER 
1960, 171 - 1 7 2 ) . Data f rom on ly 15 hybrids (Tab le 1) whose p a r e n t s were inc luded in this 
s tudy were used to f ind the " b " values. 
The m e a n values of i nb red parents a n d crosses regarding e a r l y growth v igour , forage 
yield and g ra in yield are given in Table 1. The overa l l mean values of parents for e a r l y growth 
vigour, forage yield and grain yield were 18.7 g , 135.0 g and 179.8 g respectively. T h e cor-
responding va lues for the 15 crosses, whose p a r e n t s were included in this s tudy, were 28.5,  
188.2 and 422.1 g respectively representing 52.4, 39.4 and 134.5 pe r cent increase in early 
growth v igour , forage yield a n d grain yield, respect ive ly , over t he pa ren t a l means. T h e mean 
number of d a y s to heading was similar for the p a r e n t s (63.3 + 1.2) a n d the crosses (62.1 + 0.8).  
Therefore, indiv idual values a re no t given in t h e tabular form. 
Var iance components d u e to parents , crosses, and parents ve r sus crosses compar i sons 
were s igni f icant for all the cha rac t e r s except d a y s to heading (Table 2). Parents v e r s u s crosses 
comparisons accounted for t he ma jo r par t of t h e t rea tment v a r i a n c e for these charac te rs , 
indicating t he manifes ta t ion of heterosis. V a r i a t i o n in the forage yield may also be caused 
by the d u r a t i o n of the g rowth period, t ha t is, f r o m the date of sowing to the d a t e of 50% 
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Table 3 
Phenotypic (P) and genotypic (G) correlation coefficients between 
early growth vigour, days to heading, forage yield and grain 
yield in bajra 
Charac ters Days to h e a d i n g Forage yield G r a i n yield 
P 0 . 3 0 0 . 7 1 * * 0 . 6 2 * * 
Early g r o w t h vigour 
0 . 9 0 * * 0 . 7 6 * * G 0 . 3 3 
P 0 . 1 5 0 . 3 3 
Days to heading 
G 0 . 2 7 0 . 3 9 
P 0 . 4 3 * * 
Forage yield 
G 0 . 5 2 * * 
** = significant a t 1 % level 
head ing in the p r e s e n t case, in a d d i t i o n to variation in t he inherent v igou r of the genotypes . 
However, in the p r e s e n t material t h e dura t ion of the g r o w t h period for f o r age yield was a l m o s t 
t h e same; therefore , it can be conc luded that the va r i a t i on observed in the forage yie ld 
represented va r i a t i on in the i n h e r e n t vigour of the geno types . Such an inference, however , 
could not be de r ived for the grain y ie ld because the d u r a t i o n of the f i l l ing period from h e a d -
ing to matur i ty w a s no t studied. 
Both the pheno typ ic and geno typ ic correlation coefficients of ea r ly growth v igour 
wi th forage as well as grain yield were positive and h igh (Table 3). The correlat ion coeff icient 
be tween forage a n d grain yield w a s also significant. B u t when the e f f ec t of early g r o w t h 
vigour was kept c o n s t a n t , the pa r t i a l correlation b e t w e e n t he two a p p r o a c h e d zero (r 0.02), 
indicat ing tha t t he positive associa t ion between the t w o is only ind i rec t , caused by t he i r 
association with t h e early growth v igour . The par t ia l correlat ion coeff ic ient of early g r o w t h 
vigour with forage yield, keeping t h e gra in yield as a c o n s t a n t , were s imi la r to their respect ive 
correlation coeff ic ient . The results , therefore , suggest t h a t an i m p r o v e m e n t in early g r o w t h 
vigour should r e su l t in a concomi tan t improvement in t h e forage as well as the grain yield . 
D a y s to heading d id not have a s ign i f ican t correlation wi th any of t hese characters. 
Heri tabi l i ty values , which were based on the add i t i ve gene e f fec t s , were 0.26, 0 .14  
a n d --0.13 for ea r ly growth vigour , forage yield and g ra in yield, respect ively . The nega t ive 
heri tabi l i ty values fo r forage and g r a i n yields might h a v e arisen ou t of sampling va r i a t ion 
a r o u n d the t rue low values. The low heritabili ty va lue s of forage a n d g ra in yields ind ica te 
t h a t the direct selection for these charac te r s will n o t be effective. S imi la r conclusions were 
a r r ived at by BURTON (1959). Fo r f o r a g e yield, however , direct selection would be ef fec t ive , 
as its heritabili ty is relatively h igh . Fur thermore , th i s charac te r showed a high positive cor-
re la t ion coefficient wi th forage a n d grain yield; t he re fo re , this cha rac t e r could be used as 
a selection cri terion for the i m p r o v e m e n t of these cha rac te r s . 
On the bas is of the low v a l u e of narrow sense heri tabil i ty a n d the high degree of 
heterosis for forage a n d grain yields, which have been observed in the p r e s e n t study, it m a y 
be suggested t h a t while using ear ly grow th vigour as a selection cr i ter ion, the breeding p ro -
cedures which capi ta l ize on the non-add i t ive gene a c t i o n should be u s e d to achieve r a p i d 
i inprovement in t h e s e characters. S ince the two a t t r i b u t e s , forage yield a n d grain yield, were 
n o t negatively corre la ted , the r e su l t s suggest the possibi l i ty of p r o d u c i n g a dual-purpose 
va r i e ty . 
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VOLATILE O I L PRODUCTION A N D FORMATION 
I N ACHILLEA M I L L E F O L I U M SSP. COLLINA B E C K E R 
(A. COLLINA B E C K E R ) 
Achillea is o f t en grown in H u n g a r y and is used as a medicinal p lan t under the collective 
name: Achillea millefolium L. F r o m this herb the essential oil "Oleum millifoli" is prepared, 
which is dark blue in colour and has a high azulene content . 
Many au tho r s have directed their work towards the systematic s tudy of Achillea 
(EHRENDORFER 1953, HESS et al. 1972, etc.) and of polychemism in th is p lan t (e.g. KosovÁ 
1 9 5 9 , K O T I L L A 1 9 5 9 , K U C E R A 1 9 5 6 , M Â T H É et al. 1 9 6 3 , M I C H A L U K — O S W I E C I M S K A 1 9 5 9 , 
R U M I N S K A 1 9 6 5 , S T A H L 1 9 5 2 a n d T É T É N Y I et al. 1 9 6 4 ) . O S W I E C I M S K A h a s c a r r i e d o u t m a n y 
cytological invest igat ions on this genus: 1962, 1963, 1966a, 1966b, 1966c, 1968 and 1974. 
The Hungar i an authors and Oswiecimska s ta te t h a t the proazulene content in the 
Achillea plant is a special character under strong genetic control. 
In this s t u d y we wished to investigate the oil formation during the ontogeny of this 
p lant . We collected well identified p lants from four places representing different locations 
in Hungary. 
In this art icle we should like to give some pre l iminary information about this pro jec t 
based on results of one year's investigations. 
Firstly we mus t deal with the problem of the identification of our plant material . 
I t can be established tha t the p lan t s collected f r o m all four places is Achillea millefolium 
ssp. collina (+ Achillea collina Becker) , according to E H R E N D O R F E R (1953, 1959), H E S S et al. 
(1972) and Soó - KÁRPÁTI (1968). T h e y all agree t h a t it is difficult to distinguish between 
the two species. Our plant material has a mean value of 1.5 mm for the leaf width, so we 
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Table 1 
The oil percentage at different stages of groivth in different localities on the hasis 
of fresh material 
Growing s t age 
Da ránypusz t a Ságváril iget 
D a t e Oil % X— x D a t e OR % X - ï 
Vegetat ive stage 
Budding s tage 
Flowering stage 
7. 5. 1974 
15. 7. 1974 




- 0 . 0 2 5 
+ 0 . 0 1 8 
+ 0 . 0 0 8 
14. 5. 1974 
9. 7. 1974 





+ 0 . 0 1 3 
+ 0 . 0 2 3 
Mean (x) 0.042 0.057 
Kerepes F a r m o s Mean 
X Da te Oil % X - x D a t e Oi l % X x 
17. 5. 1974 0.020 — 0.062 9. 5. 1974 0.037 0.085 0.023 
5. 7. 1974 0.140 +0 .058 9. 7 .1974 0.180 +0 .058 0,112 
4. 10. 1974 0.085 + 0 . 0 0 3 9. 9. 1974 0.150 +0 .028 0.091 
0.082 0.122 
Statistical parameters 
Between localities Be tween tile growing s tages 
Standard dev ia t ion S. D. 0.035 
S tandard error S. x 0.017 




needed to calculate the ch romosome number of th is material . Th i s was carried ou t a f t e r the 
method developed at the Cytogenet ics Section of the P lan t Breed ing Ins t i tu te , Cambr idge , 
with the k ind help of Mrs R a j k i . We found t h a t the chromosome n u m b e r for our p l an t ma te r i a l 
f rom all t he collections is n = 18 (2n = 36). Ehrendor fe r , Oswiecimska and Hess referred 
to this race as A. collina Becke r , a l though this does not agree w i t h t h e morphological measure-
ments. Fo r th is reason we decided to use the n a m e Achillea millefolium ssp. collina Becker 
(Achillea millefolium Becker) . 
Here i t m a y also be n o t e d tha t L E N K E Y ( 1 9 6 1 ) inves t iga ted some commercial Achillea 
drugs f r o m H u n g a r y in t he pharmacognosy l a b o r a t o r y of Zof ingen fac tory , Swi tzer land and 
he regis tered the name Achillea millefolium f o r th is mater ia l , h a v i n g blue, dark b lue , and 
light blue oil. 
Our p lan t mater ia l w a s collected f r o m the following loca t ions : 
1 Kerepes , 25 k m n o r t h e a s t of Budapes t ; 
2 — Ságvári l iget , 10 k m n o r t h w e s t of B u d a p e s t ; 
3 — D a r á n y p u s z t a , 130 k m southwest of B u d a p e s t ; 
4 F a r m o s , 90 km s o u t h e a s t of Budapes t . 
Successive collections were obtained f r o m these places r ep resen t ing the d i f f e ren t stages 
of growth . The f irst sample was taken dur ing May when the p l a n t was a t the vege ta t ive 
stage. The second sample w a s obtained dur ing J u l y , i.e. r ep resen t ing the budding s tage in 
which the p l an t has the f i r s t f lowering buds. T h e th i rd sample was collected dur ing Septem-
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Fig. 1. Total day l igh t per m o n t h in Siófok and B u d a p e s t 
Fig. 2. Mean t e m p e r a t u r e per m o n t h in Siófok and B u d a p e s t 
her and Oc tobe r when the p l an t s were in full f l ower . I n all samples, t h e oil percentage was 
determined (IIAGGAG et al. 1975) in the whole h e r b b y s team dis t i l la t ion both in t he f r e sh 
and air-dried mate r i a l (about 25°C). I n the sample representing the f lowering stage, t h e oil 
percentage was also est imated in the different o r g a n s of the d ry p l a n t ; leaves, s t e m s a n d 
flowers. 
Since env i ronmenta l d i f ferences p robab ly occur between t he di f ferent local i t ies , 
meteorological d a t a for Budapes t and Siófok were recorded (Figs 1 to 4). The da ta for B u d a -
pest may he appl ied to Kerepes a n d Ságváril iget , while the e n v i r o n m e n t a t D a r á n y p u s z t a 
is similar to t h a t of Siófok. We were unable to o b t a i n similar d a t a for the Fa rmos region . 
Table 1 a n d Fig. 5 i l lus t ra te the oil p e r c e n t a g e a t the d i f fe ren t stages of g r o w t h in 
the different localities. The genera l t rend is for t h e minimum oil c o n t e n t to occur in the 
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M o n t h s 
Fig. 4. Month ly mean of h u m i d i t y ( Siófok, Budapes t , I. Veget, s., II . B u d d . s. , 
[ I I . Flower, s., IV. Se t t , s.) 
vegetative s tage . W ith the beg inn ing of f lowering, when the p lan t was in hud, the oil per -
centage reached a m a x i m u m . T h e r e a f t e r , it decreased during the a u t u m n flowering pe r iod . 
This is in a g r e e m e n t with the resul t s of WKBER STAHL (1953), OSWIECIMSKA (1962), R u -
MINSKA ( 1 9 7 0 ) a n d KUCEHA ( 1 9 5 6 ) . 
The d a t a indicated t h a t t he maximum oil percentage was recorded in the f l ower s 
(0.20%) and the min imum in t h e s tem (0.10%), b a s e d on the dry mate r ia l . The leaves h a v e 
a n i n t e r m e d i a t e o i l p e r c e n t a g e ( a b o u t 0 . 1 5 % ) . R U M I N S K A ( 1 9 7 0 ) , OSWIECIMSKA ( 1 9 6 2 ) a n d 
BENZINGER (1957) found the saine results. No oil could be detected in the roots and th i s also 
agrees w i t h t h e r e s u l t s of TILLYAEV et al. (1973) . 
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Fig. 5. The oil p e r c e n t a g e in d i f f e r e n t stages f r o m d i f f e r e n t local i t ies 
I t s e e m s t h a t the f r e s h samples co l l ec ted f r o m D a r á n y p u s z t a have a lower oil con ten t 
t han t h o s e which were co l l ec ted f rom K e r e p e s a n d Ságvár i l ige t . Th i s is in a c c o r d a n c e wi th 
the me teo ro log ica l d a t a , w h i c h i l lustrate t h a t t h e Siófok region h a s a higher t o t a l r a in fall 
and r e l a t i v e h u m i d i t y t h a n B u d a p e s t . On t h e o t h e r hand , t he p l a n t s collected f r o m t h e Far-
mos r e g i o n h a v e the h i g h e s t oil content . S ince we were unab le t o o b t a i n me teo ro log ica l d a t a 
for t h i s r e g i o n , we can s u g g e s t t h a t this m a y b e due to e n v i r o n m e n t a l changes a n d / o r to the 
soil e f f e c t ( F a r m o s has s a n d y soil). 
I n al l t he stages t h e volat i le oil h a d a d a r k blue colour , c aused by t he h i g h azulene 
c o n t e n t . 
T h e a b o v e resul ts s u g g e s t t h a t t he success ive f o r m a t i o n of oil in the d i f f e r e n t stages 
of g r o w t h a n d di f ferent o r g a n s of the p l a n t is u n d e r genet ic con t ro l . There is a poss ibi l i ty 
t h a t t h e oil c o n t e n t of t h e p l a n t differs f r o m o n e place to a n o t h e r according to t h e envi ron-
men ta l c o n d i t i o n s , b u t t h e g e n e r a l t r end is a l w a y s the same. MÁTHÉ et al. (1963) a n d OSWIE-
C I M S K A ( 1 9 6 6 a , 1966b, 1966c) , working on t h e Achillea p l an t , c a m e to the s a m e conclus ion . 
In ou r p l a n t mater ia l we f i n d a cha rac t e r i s t i c onto-genet ic r h y t h m in the f o r m a t i o n of the 
oil c o n t e n t . 
A c k n o w l e d g e m e n t 
W e a r e p ro found ly g r a t e f u l to Dr . E . R a j k i , Agr icu l tu ra l R e s e a r c h I n s t i t u t e , Mar ton -
vásár , H u n g a r y , for her k i n d helply c h r o m o s o m - p r e p a r a t i o n . 
* 
P r e p a r e d at the I n s t i t u t e of P h a r m a c o g n o s y , Semmelweis Med ica l U n i v e r s i t y , B u d a p e s t . 
B E N Z I N G E R , F . (1957): T h e e x a m i n a t i o n of a z u l e n e in vege tab le d r u g s , I. Achillea millefolium. 
A c t a P h a r m . J u g o s l a v . , 7, 49 — 59.  
EHRENDORFER, F. (1953): S y s t e m a t i s c h e u . zy togene t i s che U n t e r s u c h u n g e n a n e u r o p ä i s c h e n 
R a s s e n von Achillea millefolium K o m p l e x e s . Öst. Bo t . Z. , 100. 
E H R E N D O R F E R , F . (1959): Achillea rosea-alba E h r e n d t : spec. n o v . h y b r i d o g e n e di- u n d t e t r a -
p l o i d e Sippe des Achillea millefolium-K.omplex.es. Ös t . B o t . Ztg . , 106, 363. 
G . V E R Z Á R - P E T R I , A . S . S H A L A B Y 
R e f e r e n c e s 
Acta Agronomica Academiae Scientiarum Hungaricae 26. 1977 
3 4 2 VA RIA 
HAGGAG, M. Y.—SHALABY, A. S.—VERZÁR-PETRI, G. (1975): Thin layer a n d gas chromato-
graphic s tud ies on the essent ia l oil f rom Achillea millefolium. P l a n t a Medica, 27, 361 — 
366. 
H E S S , H . E . - L A N D O L T , E . - H I R Z E L , R . ( 1 9 7 2 ) : F l o r a d e r S c h w e i z . B d . 3 . B i r k h a u s e r V e r -
lag. Basel. 
KosovÁ, V. (1959): Rei t rag zur pharmakognos t i schen B e w e r t u n g einiger A r t e n der G a t t u n g 
Achillea. A c t a Facu l t P h a r m . Brunens is et B ra t i s l av . I I . , 71 —100. 
K O T I L L A . R. (1959): A prochan iazu lének előfordulása a R o m á n Népköz tá r saság Achillea f a j a i -
ban (The occur rence of p rocamazu lenes in Achillea species in t he People 's Republ ic 
of R u m a n i a ) . Orvosi Szemle, 9, 308 — 312. 
KucF.RA, M. (1956): P h a r m a c o g n o s t i c researches wi th p rocamazulenagen-con ta in ing p l an t s . 
P h a r m a z i e , 1 1 , 6 0 4 - 6 0 9 .  
FENKEY, K. B. (1961): Die gegenwär t igen Hande l sdrogen von Flos u n d H e r b a Millefolii. 
Pharm. A c t a Helv. , 36, 43 — 55.  
M Á T H É , I , — S V Á B , J . — T É T É N Y I , P . — T Y I H Á K , E . ( 1 9 6 3 ) : I n v e s t i g a t i o n s o n t h e a z u l e n e c o m -
pounds of Achillea species I I . Achillea asplenifolia. Pharmaz ie , 18, 566 568.  
M I C H A L U K . A. — O S W I E C I M S K A , M . ( 1 9 5 9 ) : Badania n a d azulenani v. Achillea millefolium. 
Dissert. P h a r m . , 11, 1 9 1 - 1 9 8 . 
OSWIECIMSKA. M. (1962): Variable c o n t e n t of volatile oil a n d azulenes in he rbs of milfoil. I . 
Variabil i ty independen t of h a b i t a t . Dissert. P h a r m . , 14, 539 — 545. 
OSWIECIMSKA, M. (1963): Zmienosc zawar tosc i olejku lo tnego i azulenow w zielu k rawawnika . 
Dissert. P h a r m . . 15, 471. 
OSWIECIMSKA, M. (1966a): Variable con t en t of volatile oil a n d azulenes in t h e herbs of milfoil. 
I I I . The e f f ec t of mineral fer t i l iza t ion and l iming t h e soil. Dissert . P h a r m . Pharmacol . , 
18, 185. 
OSWEICIMSKA, M. (1966b): Variable c o n t e n t of volatile oil a n d azulenes in t h e herbs of milfoil . 
IV. The e f fec t of certain ecologic factors. Disser t . P h a r m . Pha rmaco l . , 18, 191. 
OSWIECIMSKA, M. (1966C): Zmienosc zawarosci olejku lo tnego i azulenow w zielu krawawnika . 
Dissert. P h a r m . , 18, 199. 
O S W I E C I M S K A . M. (1968): Achillea collina Becker - ein proazulenhal t iges Taxon von Achil-
lea millefolium. L. s. I. P l a n t a Medica, 2, 201 — 207. 
OSWIECIMSKA. M. (1974): Correlat ion between number of chromosomes a n d prochamazulene 
in East E u r o p e a n Achillea. P l a n t a Medica, 25, 389 — 395.  
RUMINSKA. A. (1965): Der Einf luss des En twick lungss t ad ium auf die chemische Zusammen-
setzung, einschliesslich einiger morphologischer Merkmale der Blü tenkörbchen v o n 
Achillea millefolium L. s.: Matricaria chamomilla L. Wiss. Z tschr i f t . Karl-Marx U n i v . 
L e i p z i g , 1 4 , 4 2 9 - 4 3 3 . 
R U M I N S K A , A. (1970): Relation b e t w e e n the age of Achillea millefolium (yarrow) and i t s 
contents of azulene and oils. A c t a Agrobot. , 23, 53 — 71. 
Sou , R. —KÁRPÁTI, Z. (1968): N ö v é n y h a t á r o z ó (P lan t ident i f ica t ion handbook) . Tankönyv-
kiadó, B u d a p e s t . 
S T A H L , E . ( 1 9 5 2 ) : Is the proazulene con ten t of Achillea millefolium d e p e n d e n t on he red i ty 
or env i ronmen ta l factors . P h a r m a z i e , 7, 863 — 868. 
T É T É N Y I , P . — T Y I H Á K , F . — M Á T I I É , I . - S V Á B J . ( 1 9 6 4 ) : U n t e r s u c h u n g e n ü b e r d i e A z u l e n -
verb indungen der Achillea-Arten. Pharmazie , 19, 56 — 60.  
T I L L Y A E V , K . — K H A L M A T O V , K . — P R I M L K H A M E D O V , I . — T A L I P O V A , M . ( 1 9 7 3 ) : C h e m i c a l 
charac ter iza t ion of Achillea millefolium growing in Uzbekis tan . R a s t . Resur . , 9, 58 — 62.  
W E B E R , U. — S T A H L , E . ( 1 9 5 3 ) : P r o a z u l e n e and the e the rea l oil in the deve lopmen t of Achillea 
millefolium. Arch . P h a r m . , 286, 1 1 0 - 1 1 6 . 
P E R I C A R P T H I C K N E S S , I M B I B I T I O N R A T E AND D R Y I N G R A T E 
OF O P A Q U E - 2 MAIZE ( Z E A MAYS L.) A N D I T S N O R M A L A N A L O G U E 
Opaque-2 maize varieties are repor ted to con ta in 1.8 — 4 .2% more moisture in t h e 
grains at harves t t h a n their normal analogues (LAMBERT et al. 1969, PAEZ el al. 1969). H ighe r 
moisture content requires addi t ional drying after h a r v e s t . GUPTA— KOVÁCS (1973) repor ted 
t h a t the opaque-2 maize per icarp was 36.3% thicker t h a n t h a t of n o r m a l maize and t h i s 
led to reduced w a t e r loss a t h a r v e s t . Therefore, a s t u d y was u n d e r t a k e n to determine t h e 
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Table 1 
Mean pericarp thickness for 
excised pericarp strips from normal, 
opaque and H. E. opaque kernels 
Kerne l t y p e 
Pe rca rp t h i c k n e s s 
in m i c r o n s 
Normal 
Opaque 
H. E . o p a q u e 
9 7 . 0 ± 2 . 7 
7 8 . 8 ± 2 . 3 
9 1 . 0 ± 1 . 8 
morpho log ica l f a c t o r s respons ib le for t h e h igher m o i s t u r e c o n t e n t in o p a q u e - 2 ke rne l s a t 
h a r v e s t . 
R a t t a n , an o p a q u e - 2 composi te , a n d i ts n o r m a l a n a l o g u e , V i j a y , ava i lab le in t h e I n d i a n 
Maize P r o g r a m m e w e r e u s e d in the s t u d y . R o t h t he c h a l k y a n d t he h a r d e n d o s p e r m ( H . E . ) 
k e r n e l s of the o p a q u e - 2 composi te were i n c l u d e d in t h e s t u d y . 
T h e per icarp w a s careful ly r e m o v e d f r o m t h e k e r n e l s a f t e r soaking t h e m fo r 1 — 2 
h o u r s in water . T h e p e r i c a r p th ickness w a s d e t e r m i n e d b y t he m e t h o d ou t l i ned b y WOLF 
et al. ( 1 9 6 9 ) a n d m o d i f i e d b y HELM ZUBER (1969) u s i n g a m i c r o m e t e r . E a c h e x c i s e d p e r i c a r p 
s t r i p w a s measured a t s ix locat ions , t h r e e on t he a b g e r m i n a l a n d th ree on t he g e r m i n a l sur face . 
T h e t h i cknes s va lues r e p o r t e d herein a r e averages of f i f t e e n pe r i ca rp s t r ips . 
T h e " r a t e of i m b i b i t i o n " as well a s t h e " r a t e of d r y i n g " were d e t e r m i n e d . F o r imbib i -
t ion s tud i e s 100 k e r n e l s of each class were soaked in w a t e r for var ious l e n g t h s of t i m e a t 
25 + 1°C and the " i m b i b i t i o n r a t e " w a s de t e rmined as a n increase in we igh t pe r 100 g of 
in i t i a l we igh t per h o u r . T h e initial m o i s t u r e c o n t e n t of who le kerne ls as well as ke rne l s w i t h o u t 
a p e r i c a r p was a b o u t 8 . 5 % . 
I n order to d e t e r m i n e the " r a t e of d r y i n g " t h e ke rne l s were dr ied a t 40 + 1.5°C. 
K e r n e l s of three c a t e g o r i e s with and w i t h o u t per icarp , t a k e n f r o m the imb ib i t i on e x p e r i m e n t 
were u s e d for this s t u d y . T h e mean m o i s t u r e con ten t of w h o l e kernels of n o r m a l , c h a l k y o p a q u e 
a n d H . E . opaque w a s 30.2 , 36.0 a n d 3 1 . 1 % respec t ive ly a n d t h a t of kernels w i t h o u t a peri-
c a r p w a s 36.6, 49.3 a n d 4 5 . 2 % respec t ive ly . For d ry ing , 100 kernels f r o m e a c h c a t e g o r y were 
p u t i n t o an oven f o r d i f f e r e n t l engths of t i m e a n d t h e loss in weigh t was d e t e r m i n e d . T h e 
" d r y i n g r a t e " was e x p r e s s e d as loss in m o i s t u r e per 100 g in i t ia l d ry weigh t pe r h o u r . 
T a b l e 1 shows t h a t t he average p e r i c a r p t h i cknes s of n o r m a l , cha lky o p a q u e a n d H . E . 
o p a q u e kernels was 97 .0 p, 78.8 p and 91.0 p r e spec t ive ly . T h u s t he per ica rps of c h a l k y o p a q u e 
a n d H . E . opaque k e r n e l s were respec t ive ly 18.6% a n d 6 . 2 % t h i n n e r t h a n t h a t of the i r n o r m a l 
c o u n t e r p a r t . I t also s u g g e s t e d t h a t m o d i f i e r genes r e spons ib l e for increas ing t he ke rne l v i t -
r e o s i t y of opaque m a i z e kernels are also responsib le fo r or closely assoc ia ted w i t h loci w h i c h 
t e n d t o increase t h e p e r i c a r p th ickness ; t h e per ica rp of H . E . opaque ke rne l s is a b o u t 15%  
t h i c k e r t h a n t h a t of c h a l k y opaque ke rne l s . The o b s e r v a t i o n of a t h i n n e r p e r i c a r p in c h a l k y 
o p a q u e kernel types t h a n in their n o r m a l ana logue is in c o n t r a s t to the obse rva t i on of GUPTA— 
KOVÁCS (1973), w h o r e c o r d e d 36.3% g r e a t e r th ickness in opaque -2 pe r i ca rps . Moreover , in 
g e n e r a l t he mean p e r i c a r p th ickness v a l u e s were c o n s i d e r a b l y h igher t h a n those r eco rded 
in t h e p resen t s t u d y . P r o b a b l y the p e r i c a r p th ickness is d e p e n d e n t to a cons iderab le e x t e n t 
on t h e genet ic b a c k g r o u n d as well as on t h e e n v i r o n m e n t a l condi t ions u n d e r wh ich t he c rop 
is g r o w n . 
Ove r d i f fe ren t i n t e r v a l s the i m b i b i t i o n r a t e a n d d r y i n g r a t e of whole kerne l s , as well 
as k e r n e l s w i thou t a p e r i c a r p , showed t h e fol lowing g e n e r a l t r e n d : cha lky o p a q u e > H . E . 
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Table 2 
Imbibition rate of normal, opaque and II. E. opaque kernels with and without pericarp 
I m b i b i t i o n ra te ( increase in wt . /100 g initial w t . / h o u r ) 
Kernel type 
I 0 6 hrs 6 - 1 2 hrs 12 18 h r s 18 24 hrs 0 24 hrs 
II hole kernels 
Norma l 3.11 1.11 0.35 0.08 1.17 
O p a q u e 4.15 1.95 0.55 0.82 1.87 
H. E . opaque 4.11 1.16 0.68 0.25 1.55 
Kernels without pericarp 
Norma l 5.28 1.20 0.48 0.00 1.74 
O p a q u e 8.78 1.67 0.90 0.00 2.85 
H . E . opaque 6.98 2.18 0.75 0.40 2.62 
Table 3 
Drying rate of normal, opaque and II. E. opaque kernels 
with and without pericarp 
Kerne l t y p e 
D r y i n g r a t e (loss in mo i s tu re 100 g initial d ry wt . hour ) 
0 6 h r s 6 - 1 8 hrs 1 8 - 24 hrs 0 24 h r s 
Whole kernels 
Normal 1.95 1.24 .042 1.58 
Opaque 2.57 1.53 0.30 2.39 
H. E. opaque 2.22 1.37 0.38 1.91 
Kernels without pericarp 
Normal 4.70 2.25 0.45 1.96 
Opaque 6.87 5.53 0.79 3.50 
H. E. opaque 5.88 4.10 0.80 2.90 
o p a q u e > normal (Tables 2—3, Figs. 1 — 2). In kernels where the pericarp has been removed 
b o t h the imbibit ion a n d drying ra tes were higher compared to their respective whole kernels. 
Th i s suggested the e f fec t ive role of the per icarp in controll ing the inward and o u t w a r d move-
m e n t of water. The imbibi t ion ra te (0—24 hrs) of chalky opaque and H . E . o p a q u e whole 
kernels was respect ive ly about 6 0 % a n d 3 2 % higher t h a n t h a t of normal kernels , while the 
d r y i n g rate (0- 24 h r s ) was respectively abou t 5 1 % a n d 2 1 % higher. 
From the s t u d y it appears t h a t b o t h the imbibi t ion and drying ra tes are inversely 
p ropor t iona l to the per icarp thickness. However , the per icarp thickness alone does no t appear 
to he responsible for governing the mois ture con ten t in the grain harves t , par t icu lar ly in 
opaque -2 materials . If the pericarp th ickness were the only fac tor , the imbib i t ion rate as 
well as the drying r a t e should have been more or less equal for all three kernel t y p e s tested 
a f t e r removing the i r pericarps, which was not observed to be the case in the p resen t s tudy. 
In f a c t the imbibi t ion and drying ra tes were considerably higher for opaque kernel types 
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Fig. 1. Relat ive imbib i t ion of no rma l , opaque a n d H . E . opaque kernels with and w i t h o u t 
per icarp at 25°C ( o ~ о N o r m a l , V ' V Opaque , X X H . E . opaque) 
Fig. 2. Relative d r y i n g of normal , o p a q u e and H . E . o p a q u e kernels wi th and wi thout peri-
carp at 40°C ( о О Norma l , V 'V O p a q u e , X X H . E . opaque) 
compared to no rma l ones. The fac t t h a t the initial d ry ing r a t e of opaque kernels was observed 
to be equal to or even higher t han t he normal kernels, whereas a higher mois ture content ha s 
been reported in opaque -2 grains a t ha rves t (LAMBERT et al. 1969, PAEZ et al. 1969), requires 
special considerat ion. Obviously th is could be explained in two ways. F i rs t ly the total mois ture 
con t en t in opaque kerne ls may be h igher a t physiological m a t u r i t y due to the fac t t ha t s t a r c h 
granules in the e n d o s p e r m of opaque-2 kernels are loosely packed (DILMER 1966) and the i r 
in terspaces might be filled up fas te r wi th addit ional w a t e r . Secondly t he mois ture re ten t ive 
capac i ty depends to a considerable e x t e n t on the t ens ion a t which the mois ture is held b y 
the endosperm par t ic les (starch, l ipid or protein). Th i s in t u r n would depend upon the size 
of the endosperm cons t i tuen t s and on the total surface a rea generated b y t h e m in the endo-
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sperm. T h e o p a q u e - 2 gene is k n o w n to m o d i f y e n d o s p e r m t e x t u r e (CREECH 1968). H o w e v e r , 
add i t iona l i n f o r m a t i o n on v a r i o u s geno typ ic—envi ronmenta l b a c k g r o u n d s is n e c e s s a r y for 
f u r t h e r a n a l y s i s . 
* 
P r e p a r e d a t the C u m m i n g ' s L a b o r a t o r y , Divis ion of Gene t i c s , I nd i a n A g r i c u l t u r a l 
Resea rch I n s t i t u t e . New Delh i -110012 . 
M . L . L O D H A , P . C. R A M , H . 0 . G U P T A , J . S I N G H 
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E F F E C T O F T H E S P E C T R A L C O M P O S I T I O N O F L I G H T 
ON D R Y M A T T E R P R O D U C T I O N I N S O L A N U M D U L C A M A R A L. E C O T Y P E S 
O F D I F F E R E N T O R I G I N 
Solanum dulcamara L . c a n be found on a l m o s t t he u h o l e of t h e holoarct ic f l o r i s t i c area-
I t is o n l y recen t ly , due t o t h e increasing d e m a n d s for s te ro id r a w mate r ia l m a d e b y the 
p h a r m a c e u t i c a l i n d u s t r y , t h a t deta i led work h a s b e g u n on t he a s sessmen t of i ts d i s t r i b u t i o n 
and t he a n a l y s i s of its s t e ro id glycoalkaloid c o n t e n t . The species occurs unde r h i g h l y diversi-
fied ecological condi t ions : i t m a y be equal ly c h a r a c t e r i s t i c of m a r s h a n d h e a t h p l a n t c o m m u -
nities ( S o ó 1968). I t s h igh a d a p t a b i l i t y is also shown b y t h e morpholog ica l d i f f e r e n t i a t i o n 
wi th in t h e species. In S o ó ' s (1968) sys tem 17 t a x o n s (va r ie tas , f o r m a , lusus) c a n be found 
within t h e species, and c o n t i n u e d research w o r k is f u r t h e r i nc reas ing this n u m b e r (MÁTHÉ  
JR. 1974). 
T h e c h e m o t a x o n o m i c s y s t é m a t i s a t i o n of t h e species seems to be more u n i f o r m . T a k i n g 
into cons ide ra t ion the i r o w n inves t iga t ions t o g e t h e r wi th fore ign r e su l t s , MÁTHÉ—MÁTHÉ JR. 
(1973) i d e n t i f i e d four i n f r a s p e c i f i c chemical t a x o n s on the bas is of t he s t e ro idag lycons which 
occur in t h e largest q u a n t i t i e s . However , t h e occur rence of t he se che ino taxons , l ike t h a t 
of the morpho log ica l t a x o n s , is regionally d e t e r m i n e d , so for t h e s e proper t ies a pa ra l l e l i sm 
be tween a d a p t a t i o n and c h e m i c a l d i f f e r e n t i a t i o n can again he a s s u m e d . 
I n sp i t e of the f a c t t h a t t he n a t u r a l o c c u r r e n c e of morpho log ica l and c h e m i c a l t a x o n s 
of th is species has been a n a l y s e d in grea t d e t a i l , exac t e x p e r i m e n t s to discover i t s re la t ion 
with t h e e n v i r o n m e n t a re h a r d l y known. 
O u r earlier i n v e s t i g a t i o n s showed t h a t , of the e n v i r o n m e n t a l fac to rs , t h e spec t ra l 
energy d i s t r i b u t i o n of t he l i g h t g rea t ly in f luences t h e s t e ro idag lycons , which are of i m p o r t a n c e 
f rom a p r a c t i c a l poin t of v i ew . T h e a im of o u r c u r r e n t e x p e r i m e n t s w a s t h u s to f i n d o u t w h a t 
effect t h i s e n v i r o n m e n t a l f a c t o r exer ts on t h e d r y m a t t e r p r o d u c t i o n of p l a n t s of d i f fe ren t 
chemism a n d ecological r e q u i r e m e n t s . 
I n o r d e r to d e t e r m i n e t h e s imilar i t ies a n d di f ferences d e p e n d e n t u p o n s i te of origin 
and on morpholog ica l a n d chemica l d i f f e r e n t i a t i o n i nves t i ga t i ons were car r ied o u t oil the 
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measur ing , cm 
Fig. 1. Da i ly changes in air t empera tu re a t t h e exposed site o n Palotai island (29. 8. 1974) 
measuring, cm 
Fig. 2. Daily changes in air t e m p e r a t u r e a t the closed s i te on Palotai i s l and 
following four ecotypes of S. dulcamara: a) v a r . dulcamara f. variifoliam containing solasodin 
as the m a i n aglycon (A4), b) v a r . dulcamara f. variifolium con t a in ing soladulcidin as t he main 
aglycon (A2) both or ig ina t ing from sunny growing sites; c) v a r . dulcamara f. cordifolium 
with mixed aglycons (B,) a n d d) var. dulcamara f. variifolium w i t h soladulcidin as t h e main 
aglycon (B 2) both o b t a i n e d f rom shady growing sites. 
T h e p l a n t s were chosen on the basis of examinat ions ca r r i ed out in 1974. O n t he basis 
of chemotaxonomic surveys (Vo HONG NGA et al. 1976) we succeeded in finding a well-defined 
popula t ion wi th in the B u d a p e s t area on the a p p r o x . 2.7 km long Pa lo t a i island. G r o w i n g sites 
showing considerable ecological differences can he found on t he i s l and : the exposed embank-
ment and t h e inner, mul t i - level closed s t and are very diverse. 
At these two sites microcl imate s tud ies were also car r ied o u t , the results of which, 
obtained on a clear day, are shown in Table 1 a n d Figs 1 a n d 2. T h e daily course of the air 
t empera tu re was measured a t heights of 2, 30, 70, 100 and 150 c m , the relative h u m i d i t y of 
the air a t 70 cm, and the da i ly changes of l ight in tens i ty at a h e i g h t of 5 cm above t h e ground. 
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Table 1 
Daily course of light intensity and relative humidity at the original 
site of plants (A.,, B„) used in our experiments 
(29. 8. 1974., Palotai island) 
T i m e 
L i g h t i n t e n s i t y (lux) Relat ive humid i tv ( ° 0 ) 
s u n n y shady sunnv s h a d y 
si te site 
06.30 4,500 225 85 88 
07.00 8,000 440 83 86 
07.30 13,200 600 70 85 
08.00 16.000 900 62 81 
08.30 25,000 1.180 53 71 
09.00 28.000 920 46 59 
09.30 50,000 1,080 46 59 
10.00 52,000 4,600 45 60 
10.30 58,000 6,500 40 60 
1 1 . 0 0 62,000 2,200 38 55 
11.30 66.000 2.100 38 50 
12.00 70,000 6,200 38 41 
12.30 68,000 3,600 34 40 
13.00 62,000 1,480 34 42 
13.30 56,000 1.860 34 41 
14.00 55,000 1,300 35 50 
14.30 42,000 4.000 35 36 
15.00 38,000 1.900 31 38 
15.30 11,800 700 32 36 
16.00 22,000 900 32 40 
16.30 14,000 500 33 39 
17.00 4,800 350 37 48 
17.30 3,900 220 38 65 
These s ign i f ican t microclimatic differences also resu l ted in a u n i f o r m morpho-pheno-
logical d i f ferent ia t ion in the S. dulcamara populat ion. T h e chemism of t h e population, on 
t he other hand, a p p e a r e d to he u n i f o r m a t the two s i tes and did not s h o w any dependence 
u p o n the character of the site. P l a n t s obta ined f rom t h e two sites t h u s seemed suitable fo r 
eva lua t ing effects independent of c h e m i s m (А,— Bo). 
The morphological charac ter iza t ion of these two types of plant is g iven on the bas is 
of surveys made a t t he original g rowing sites every t w o weeks th roughou t t he whole vege ta -
t ion period in 1974. We measured p l a n t height, a n t h o c y a n level, length of in te rnode and leaf 
a rea , and studied t he tissue s t ruc tu r e of the leaf. 
Since it was highly uniform f o r chemism (con ta in ing soladulcidin as t h e main aglycon) 
t he population was not suitable f o r demonst ra t ing differences d e p e n d i n g upon chemical 
d i f ferent ia t ion. Tes t p lan ts for this p u r p o s e were the re fo re chosen f rom t h e var ie ty collection 
of the Research I n s t i t u t e for Medic ina l Plants (A, B J . Their or iginal growing site w a s 
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Table 2 
Percentage spectral energy distribution of light treatments of different wave-lengths 
( nm ) 
T r e a t m e n t too - 4 3 6 4 3 6 - 4 9 5 495 - 566 566 - 589 5 8 9 - 6 2 7 6 2 7 - 7 0 0 
" b l u e " 25.6 59.1 15.3 — — 
" r e d " - — - 1.0 20.2 78.8 
" v i o l e t " 19.8 24.2 3.6 2.6 9.2 40.6 
Table 3 
Characterization of the experimental plant material 
Designat ion 
Taxonomic category 
Or ig ina l 
s i t e 
Habi t Antho-
cyan 






c m 2 
thick-
ness, Ц 
A,* variifolium solasodiu exposed erect — 2.4 5.2 25.1 
A,** variifolium soladulcidin exposed erect + + + 2.3 7.8 17.0 
B t * cordifolium mixed s h a d y procumbent - 3.6 14.5 21.2 
B,** variifolium soladulcidin s h a d y climbing — 5.3 20.9 10.6 
* Measurements car r ied out u n d e r ident ica l condi t ions. 
** On the basis of cont inuous s u r v e y i n g a t the original site. 
deduced f r o m the morphophenological d i f fe ren t i a t ion shown in the populat ion t r ia l . 
In accordance w i t h our objectives t h e use of plants t h u s selected made it possible to 
s tudy differences in the s i te-dependent responses of ident ica l morpho- a n d chemotaxons 
(A,— B2), of plants with ident ical morphology b u t different chemi sm (A t—B 2 ) a n d of those 
different in both morpho logy and chemism (A t B,). 
T h e p lants were un i fo rmly p r o p a g a t e d b y raising clones f r o m green shoo t tops with 
2—3 leaves. (Clones were raised from c u t t i n g s in order to exc lude the genetic unce r t a in ty 
resulting f ront cross pol l inat ion in the case of propagat ing b y seed.) The cut t ings were raised 
in sand cul ture and t r e a t e d wi th Knopp cu l t u r e fluid. The expe r imen t included 3 replica-
tions per t r e a t m e n t and clone, with 4 p l a n t s per replication. A constant water c o n t e n t was 
main ta ined by supplying disti l led water e v e r y day . Once a week uni form a m o u n t s of culture 
fluid were applied. 
T h e exper iments were carried out in 1975 in the p h y t o t r o n of the Botan ica l Garden 
of the József Atti la Univers i ty . The light t r e a t m e n t applied w a s of three d i f f e ren t spectral 
energy dis t r ibut ions (Table 2). The light e n e r g y was the same in all three t r e a t m e n t s : 1.8 •  
• 10—2 cal cm~2min— 
According to the resu l t s of examina t ions on the popula t ions , the exper imenta l material 
showed a statist ically p roved (Vo HONG NGA 1975) d i f ferent ia t ion depending on the site of 
origin, as seen in Table 3 a n d Figs 3 and 4. 
I t can be established t h a t in places exposed to sunshine the anthocyan level of the 
plants is higher , the hab i t changes, the shoo t s and internodes become shorter, t he leaf area 
decreases, t he thickness of t he leaves and t h e number of pal isade cells increase. T h e relative 
stabili ty of these differences is shown by t he f a c t tha t they cou ld also be found , t h o u g h to 
11* Acta Agronomica Acaderniae Scientiarum Hungaricae 26, 1977 
3 5 0 V A R I A 
c m 
cm 
5.2 c m 2 
Fig. 3. Di f fe ren t ia t ion in the expe r imen ta l material as a funct ion of t he s i te of origin 
20.9 cm 2 
5.3 c m 






Fig. 4. D i f fe ren t i a t ion in the e x p e r i m e n t a l mater ia l as a function of t h e site of origin 
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Table 4 
Changes in morphological characters as a function of the spectral composition of light 
Designat ion 
P lan t h e i g h t (cm) A v e r a g e leaf area per p l a n t (cm1) R a t i o of spon-
goid t o pal isade 
p a r e n c h y m a • I t " " R " " V " " B " " R " " V " 
A j (sunny) 11.8 16.4 18.6 104.9 72.0 148.7 1.5 
A„ (sunny) 16.4 23.3 17.9 147.4 94.5 157.0 1.2 
Mean 14.6 19.8 18.2 126.1 83.2 152.8 1.3 
B , (shady) 14.1 27.5 23.2 127.6 160.3 193.9 1.9 
B2 (shady) 17.6 41.2 37.5 150.6 129.8 193.9 2.5 
Mean 15.8 34.3 30.3 139.1 145.0 193.9 2.2 
" B " = b lue light 
" R " = r e d light 
" V " = viole t light 
a lower e x t e n t , in plant material ra ised at the i n s t i t u t e under the s a m e conditions ( A t — B , ) . 
The identical condit ions of the exper imenta l a r ea caused the g rea tes t decrease in t he dif-
ferences be tween leaf thickness a n d tissue s t r u c t u r e , although these differences were still 
conspicuous. 
According to our invest igat ions , parallel to t h e morphological changes occurring dur ing 
the adap ta t ion , t h e metabolic processes are modif ied too. This result agrees with the observa-
t ions of GAUHL (1972), who f o u n d , when s tudy ing the l ight-dependent reactions of p l a n t s 
originating f r o m different sites, t h a t the p h o t o s y n t h e t i c regulation of p l an t s ob ta ined f r o m 
shady places w a s reduced. This is conf i rmed l»y t he resul t s demons t ra ted in our inves t iga t ions 
concerning the e x t e n t of dry m a t t e r product ion a n d changes in morphological cha rac t e r s 
(Tables 4 a n d 5). 
The he igh t a n d leaf area of p lan ts show similari t ies depending on the species, and 
differences d e t e r m i n e d by the site of origin (Fig. 5). A t the relatively low energy level appl ied 
in our e x p e r i m e n t s (due to colour f i l ters) p lants or iginat ing f rom s h a d y growing si tes dis-
played more f avou rab l e growth a n d had a larger leaf area too, i r respect ive of the morpholog-
ical and chemical taxons they belonged to. The m o s t favourable g r o w t h character is t ics for 
the species were obta ined as a response to " r e d " a n d "v io le t " light t r e a t m e n t s , respect ively , 
in all ecotypes a n d chemical t a x o n s , while the leaf area was unambiguous ly de te rmined by 
the site of origin. I n the case of p l a n t s originating f r o m sunny places t h e leaf area was larger 
in light showing a richer spectral composit ion in t h e shor t (blue) wave leng ths , while p l a n t s 
obtained f r o m a closed stand p r o d u c e d a larger leaf area in light r icher in the longer (red) 
wavelengths. 
The d r y m a t t e r product ion showed t rends s imi la r to the changes in leaf area (Fig . 6). 
I t can be unequivoca l ly establ ished t h a t its e x t e n t is determined b y t he character of the 
original growing si te, irrespective of the morphological and chemical t a x o n . This is p roved 
b y the fact t h a t while the dry m a t t e r product ion of p lants originating f r o m the same site 
shows no s ign i f ican t difference u n d e r the influence of different l ight t r e a t m e n t s ( the va lue 
of •/• is 3.2 a t t h e shady growing si te (B t—B„) a n d 2.9 a t the sunny si te (A4—A„); the va lue 
in the table g iven a t the 10% level is 4.6), the dependence of p roduc t ion upon the original 
site shows s igni f icant differences a t t h e 0.1% level. T h e higher dry m a t t e r product ion of p l a n t s 
11* Acta Agronomica Acaderniae Scientiarum Hungaricae 26, 1977 
3 5 2 VA RIA 
Table 5 
Changes in the dry matter production of plants as a function of the spectral 
composition of light 
Dry weight p e r p l a n t (mg) 
Designation roo t shoot leaf t o t a l 
" B " " R " " V " •<B" " f t " « V " " B " " R " " V " " B " " R " " V " 
A t 

























































"B" = blue l ight 
' B " = red l ight 





leaf area, cm2 
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Fig. 6. Trend of d r y mat ter p r o d u c t i o n 
ob ta ined f rom a shady site is due to the f a c t t h a t they utilize l ights of dif ferent spect ra l com-
posit ion to varying ex ten t s . The average va lue of A4_2 a n d B t _ 2 is 220.3, t h i s is signifi-
cant a t the 0 .1% level (13.8 in the t ab le ) ; t h e increase in d r y mat ter p roduc t ion in plants 
or ig inat ing f rom the s h a d y site is s ign i f i can t a t the 5 % level ( S D ^ = 83.9). 
The greatest difference depending o n t he site of origin is caused by l igh t r ich in red 
rays . U n d e r its influence the product ion in p l a n t s originating f r o m the site exposed to sun-
shine considerably decreases, while in p l a n t s obtained f r o m the shady site p roduc t ion in-
creases compared to the ef fec t of light t r e a t m e n t richer in shor t -wave (blue) r ad i a t i on . 
On the basis of these results it can be established t h a t , besides geographical factors, 
site condi t ions also p lay a decisive role in t h e distribution of morpho- and c h e m o t a x o n s of 
S. dulcamara and may resul t in the d e v e l o p m e n t of ecotypes independen t of the morphological 
and chemical taxons . The habi t of the e c o t y p e s (length of shoo t and in te rnode , anthocyan 
level, leaf area, tissue s t ruc tu re of leaf, e tc . ) is independent of t h e morpho- and chemotaxons . 
Parallel to these morphological differences changes of an a d a p t a t i o n a l na tu re occur in the 
metabol ic processes. 
* 
Prepa red a t the József Atti la U n i v e r s i t y , Depar tmen t of Bo tany , Szeged a n d Research 
I n s t i t u t e for Médicinal P l an t s , Budaka lász . 
I . H O R V Á T H , J . B E R N Á T H , P . T É T É N Y I 
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A k a d é m i a i K i a d ó , B u d a p e s t , 153. 
Yo H O N G N G A ( 1 9 7 5 ) : A magya ro r szág i Solanum dulcamara I . . a l akkö rének k e m o t a x o n ó -
m i a i v izsgála ta ( C h e m o t a x o n o m i c s t u d y on the m o r p h o l o g i c a l range of Solanum dulca-
mara L. in H u n g a r y ) . Cand ida t e ' s d i s se r t a t i on . B u d a p e s t . 
V O H O N G N G A B E R N Á T H . J . - T É T É N Y I . P . ( 1 9 7 6 ) : Az öko lóg i a i t ényezők h a t á s a a Solanum 
dulcamara p o p u l á c i ó r a 1. A mor fo - feno lóg ia i t u l a j d o n s á g o k rögz í t e t t s ége és változé-
k o n y s á g a ( E f f e c t of ecological f a c t o r s on Solanum dulcamara p o p u l a t i o n I . S tabi l i ty 
a n d var iab i l i ty of m o r p h o - p h e n o l o g i c a l fea tures) . H e r b a Hung . . 15, 166. 
A N A L Y S I S O F F 3 G E N E R A T I O N O F B R A S S I C A C A M P E S T R I S L . 
A s t u d y of the i n h e r i t a n c e of q u a n t i t a t i v e cha rac t e r s in oil-seeded Brassica is of con-
s ide rab le in te res t wi th r e s p e c t to the b r e e d i n g for c o m m e r c i a l var ie t ies , as m o s t of the eco-
n o m i c cha rac t e r s of t h e c r o p are q u a n t i t a t i v e in na tu re . P r e v i o u s work was m o s t l y concerned 
w i t h t h e s tud ies of q u a l i t a t i v e cha rac te r s , e x c e p t for a few c a se s where q u a n t i t a t i v e charac te rs 
were s t u d i e d using F , a n d backcross d a t a . I n some of t he s t u d i e s the presence of a correla-
t ion b e t w e e n d i f fe ren t q u a n t i t a t i v e c h a r a c t e r s has been r e p o r t e d in Brassica sp . ( R A M A N U -
J A N R A I 1 9 6 3 , J O A R D E R — E U N U S 1 9 6 9 , Z U B E R I J O A R D E R — E U N U S 1 9 7 2 ) . T h e c o r r e l a t i o n 
m a y r e su l t f r o m the i n t e r a c t i o n of gene t i c a n d non-gene t ic f a c t o r s and g e n e t i c correlat ion 
m a y be due to p l e i o t r o p h i c gene e f fec t s a n d l inkage. W i t h a v iew to c l a r i f y i n g this po in t , 
the p r e s e n t i nves t i ga t i on w a s u n d e r t a k e n to s t u d y the i n h e r i t a n c e of s o m e q u a n t i t a t i v e 
c h a r a c t e r s including y ie ld p e r p lan t in Brassica campestris L . , using t he F 3 gene ra t ion , by 
e s t i m a t i n g componen t s of va r i a t i on a n d cova r i a t i on . 
T h e following t h r e e var ie t ies of Brassica campestris L . were chosen f o r t he present 
s t u d y as t h e y show w e l l - m a r k e d d i f f e r ences in var ious q u a n t i t a t i v e c h a r a c t e r s . 
a) Tor ia-A: Seed r e d , early h e a d i n g a n d long h e a d i n g to r ipening p e r i o d with short 
p l a n t he igh t . 
b) To r i a -BP : S e e d whi te , la te h e a d i n g and shor t h e a d i n g to r i pen ing period w i th 
ta l l p l a n t height . 
c) T o r i a - T P : S a m e as T o r i a - B P b u t f ru i t h a v i n g f o u r chambers 
T w o crosses were m a d e be tween t h e th ree va r i e t i e s us ing T o r i a - B P a n d Tor i a -TP 
as t h e female pa ren t ( T o r i a - B P x T o r i a - A a n d Tor ia -TP X T o r i a - A ) . The FL p l a n t s were grown 
a n d F , seeds were o b t a i n e d along w i th f r e s h F4 seeds. T h e seeds of the F 2 g e n e r a t i o n a n d 
t hose of the F , and t h e p a r e n t s were s o w n in th ree r ep l i ca t ions dur ing the w i n t e r of 1968—69. 
One rep l ica t ion was p u t in a 450 x 6 0 0 c m block. The p a t h s be tween the b l o c k s were 90 cm 
wide , as was the b o r d e r all round t he f i e l d . E a c h block c o n s i s t e d of 16 rows w i t h 21 p l an t s 
in e a c h row for each c ross , t he space b e t w e e n rows a n d t h a t be tween p l a n t s in a row w a s 
30 c m . 
The border r o w s o n two sides of a block were s o w n wi th p a r e n t a l seeds and were 
t r e a t e d as n o n - e x p e r i m e n t a l , while of t h e r e m a i n i n g 14 r o w s , t h e seeds of P t , P 2 a n d F t were 
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Table 1 






P l a n t he igh t 




Yie ld /p lant 
Toria-BP X Toria-A 
V F 2 1 / 2 D + 1 / 4 H + E , 4 3 . 3 8 5 6 . 0 3 8 7 . 8 0 7 4 . 0 6 7 4 . 5 9 
V F , 1 / 2 D + 1 / 2 6 H h E j 3 8 . 6 4 3 2 . 2 9 5 4 . 4 6 5 4 . 8 6 4 9 . 7 8 
W F , / F , 1 / 2 D + 1 / 8 H 3 5 . 4 4 4 5 . 3 0 3 4 . 6 6 3 4 . 6 7 4 1 . 7 8 
V F , 1 / 4 D + 1 / 8 H + E 3 4 4 . 8 9 5 6 . 4 7 4 9 . 8 6 5 9 . 2 1 4 6 . 4 7 
ЕЕ 
8 . 8 9 1 2 . 1 6 1 9 . 5 9 1 1 . 4 7 1 2 . 8 0 
E 2 0 . 8 8 0 . 9 8 1 . 9 8 1 . 1 2 1 . 3 6 
Е з 
9 . 3 3 8 . 8 0 1 5 . 8 0 1 7 . 6 9 1 2 . 2 8 
Toria-TP X Toria-A 
V F , 4 1 . 4 4 4 7 . 0 8 4 7 . 5 0 5 4 . 3 4 8 3 . 1 1 
V F , 3 6 . 2 5 2 5 . 6 9 4 0 . 9 0 5 3 . 1 6 5 4 . 1 2 
W F 2 / F , 2 7 . 0 8 3 5 . 2 5 6 2 . 6 5 6 3 . 6 7 4 6 . 3 1 
V F , 2 5 . 8 0 4 6 . 5 4 7 6 . 2 3 8 4 . 4 7 4 7 . 3 0 
E t 7 . 6 8 9 . 6 3 1 2 . 9 9 1 7 . 2 1 1 7 . 8 0 
E 2 0 . 8 6 1 . 0 0 1 . 3 0 1 . 7 2 1 . 8 5 
E 3 1 0 . 7 2 1 0 . 2 7 1 3 . 4 4 1 6 . 4 0 1 8 . 6 5 
sown in two rows each and t h e F 2 in 8 rows, t he assignment of t h e rows being r a n d o m . The 
end plant of each of these rows w a s treated as non-exper imenta l . T h u s there were 38 exper i -
menta l p lan t s for each of the P , , P 2 and FT progenies and 152 p l a n t s for the F2 gene ra t i on in 
each block for each cross. F r e s h crosses were m a d e and F t and F 3 seeds were collected. 
The two parents , the F , a n d 150 F 3 lines selected at r a n d o m f r o m the F2 p o p u l a t i o n 
of the previous year for each of t h e two crosses were grown in t h r e e replications d u r i n g the 
winter of 1969—70. Five rows f o r each of the p a r e n t a l and the F 3 progenies, and o n e row 
for each of t he 150 F 3 lines were randomly ass igned in each rep l i ca t ion . The field p l a n was 
similar to t h a t of the previous y e a r ' s exper iment . T h u s in each rep l ica t ion 95 expe r imen ta l 
p lan ts for each of the Р, , P2 a n d F t progenies a n d 19 plants for e a c h of the 150 F 3 fami l ies 
are available for exper imenta l purposes . 
The d a t a , namely, h e a d i n g da te , heading t o ripening per iod, p l a n t height a t h e a d i n g 
a n d at r ipening t ime, and seed y ie ld per plant were collected on an ind iv idua l plant bas i s a n d 
were analysed following the b iometr ica l t echn iques of MATHER (1949), MATHER—VINES 
( 1 9 5 2 ) a n d N E I — S Y A K U D A ( 1 9 5 6 ) . 
A) Component of Variation. The method u s e d in the analysis of variation is t h e same 
as t h a t described b y MATHER (1949). The statist ics a n d their compos i t ion and observed va lues 
are shown in Tab le 1. The u n w e i g h t e d least square est imates of c o m p o n e n t s of va r i a t ion and 
analysis of var iance are p r e s e n t e d in Tables 2 a n d 3, respectively. The analysis h a s been 
conducted b y the inclusive-exclusive method out l ined by MATHER—VINES (1952)andMATHER— 
JINKS (1971). I n the exclusive ana lys is D and H are estimated f r o m Vj? t, Yp t and WF2 /F,-
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The es t ima te of D was s ign i f i can t in all the c h a r a c t e r s for the cross T o r i a - T P x T o r i a - A , 
whe reas for T o r i a - B P XToria-A it w a s only significant fo r heading d a t e a n d the sowing t o 
h e a d i n g period. II was non-signif icant except for t h e heading date in T o r i a - B P x T o r i a - A , 
w h i c h was nega t ive ly significant. E 3 w a s significant in mos t cases, h u t E , in very few cases. 
T h e homogenei ty be tween plants w i t h i n a populat ion was indicated b y t h e non-signif icant 
E 2 es t imate . 
The n u m b e r of effective f a c t o r s was calculated in two different w a y s and two k i n d s 
of informat ion as t o the number of effect ive fac to rs were obtained. W h e n the number of 
e f fec t ive factors w a s estimated b y d i v i d i n g the square of half the p a r e n t a l difference b y D 
it w a s designated as K, . On the o t h e r hand, it was t e r m e d as K, w h e n i t was de te rmined 
b y using the f o r m u l a , HVp^ (VyF — C), where HVp 3 is the heritable m e a n variance of F 3 
famil ies and С is t h e correction f a c t o r fo r Vy F (ob ta ined h y dividing 2Vp* w i t h the h a r m o n i c 
m e a n number of p l a n t s per F3 f ami l ies ) . The values ob ta ined for K, a n d K 2 are shown in 
T a b l e 2. The e s t i m a t e d K, indicated t h e presence of one effective f a c t o r , whereas the K„ 
e s t i m a t e suggested t he presence of 1 t o 1 2 effective f a c t o r s conditioning t h e di f ferent cha rac te r s 
invest igated. 
Her i tabi l i ty was high in m o s t of the cha rac t e r s for the cross Tor ia -TP x T o r i a - A , 
w hereas Tor i a -BP X Toria-A showed h igh heri tabi l i ty for the charac te r s heading date a n d 
head ing to r ipen ing period (Table 2). 
The test of l inkage is the t e s t of homogeneity of D and H over F 2 a n d F 3 taking i n t o 
considerat ion the per fec t fit of D a n d H for Vpo and Vp^. The comparison of the mean s q u a r e 
of l inkage with t he pooled residual m e a n square (Table 3) indicated t h a t t he r e is a s ignif icant 
l inkage for the cha rac t e r s heading d a t e and plant he igh t a t ripening t i m e in the crosses Tor ia -
B P xTor ia -A a n d Toria-TP x T o r i a - A . The heading t o ripening per iod showed s igni f icant 
l inkage in b o t h t h e crosses. 
B) Component of Covariation. T h e method used in the analysis of covariat ion is b a s e d 
on the principle se t u p by MATHER (1949) for the s t u d y of linkage b e t w e e n genes govern ing 
a single q u a n t i t a t i v e character. NEI— SYAKUDA (1956) have proposed a similar method f o r 
t he est imation of l inkage between genes governing different charac te r s . Following NEI 
SYAKÜDA'S (1956) nota t ion the cova r i ances of the genera t ions concerned in the present in -
ves t iga t ion are: 
W F Z = 1 / 2 L , + 1 / 4 M T + U , 
W P A V = 1 / 2 L 4 + 1 / 1 6 M , + U 2 
W p 3 = 1 / 4 L , + 1 / 8 M 2 + U 3 
W F 2 / p 3 = 1/2 L ( + 1/8 M , 
where UP U2 a n d U 3 are e n v i r o n m e n t a l components , corresponding t o E t , E„ and E3 . T h e 
t e s t of linkage is a tes t of the h o m o g e n e i t y of L a n d M over ranks. 
The ana lys is was conducted b y the inclusive-exclusive me thod , as described for t h e 
components of var ia t ion . All poss ib le combinat ions of the five c h a r a c t e r s were ana lysed . 
Tes t s of l inkage were carried out a n d in no case was t h e linkage s ign i f i can t . The unweigh ted 
leas t square e s t i m a t e s for c o m p o n e n t s of covariat ion are shown in T a b l e 4. L was f o u n d to 
be significant in m o s t cases, w h e r e a s M was s igni f icant in only a f ew cases, indicating t h e 
impor tance of the non-allelic gene in te rac t ion c o m p o n e n t to non-f ixable genetic in te rac t ion 
in these q u a n t i t a t i v e characters of Brassica sp. 
C) Correlation studies. The p h e n o t y p i c (rpf t) a n d genotypic (r () correlations, as well 
as the correlat ion between addi t ive genes ( r + for t h e f ive characters a r e shown in Tab le 5. 
F o r the most p a r t the correlation f o r any pair of charac ters appears t o be comparable i n 
Acta Agronomica Acaderniae Scienliarum Hungaricae 26, 1977 
Table 2 
Estimates of components of variation 
Heading d a t e Head ing to r ipening P lan t height a t heading P lan t height at r ipening Yield per p l an t 
Inclusive Exclusive Inclus ive Exclusive Inclusive Exclusive Inclusive Exclusive Inclus ive Exclusive 
Toria-BP X 
Toria-A 
I) 68.07 77.04 67.23 81.74 57.86 59.58 55.76 62.45 53.21 56.37 
±27.10 ±2.00 ±47.79 ±27.71 ±35.81 ±51.47 ±42.83 ±55.05 ±34.31 ±47.88 
H 24.39 21.26 46.24 -27 .67 132.41 123.67 128.29 94.27 123.44 107.36 
E , 
±82.99 ±6.40 ±136.27 ±88.69 ±109.68 ±164.72 ±131.49 ±176.18 ±105.09 ±153.22 
5.56 9.03 4.58 10.19 22.57 23.24 12.79 15.37 14.96 16.18 
±7.98 ±0.60 ±14.07 ±8.31 ±10.54 ±15.44 ±12.64 ±16.50 ±10.10 ±14.30 
E2 1.97 1.16 - 1 . 6 1 - 2.93 9.41 9.25 9.50 8.89 8.41 8.13 
±7.60 ±0.54 ±13.40 ±7.59 ±10.04 ±14.09 ±12.04 ±15.07 ±9.62 ±13.11 
E3 17.07 21.33 17.36 23.46 15.00 
±6.59 ±11.63 ±8.71 ±10.45 ±8.35 
K t 0.09 0.08 0.13 0.11 0.28 0.27 0.01 0.01 0.11 0.11 
K2 5.17 4.27 1.96 1.47 1.93 1.88 12.13 11.08 2.46 2.35 
ÉK/D 18.78 18.13 11.47 10.96 10.56 10.58 26.00 26.30 11.44 11.50 
Heritability 80.95 90.47 60.71 73.21 33.02 34.48 36.48 40.78 35.31 39.18 
Toria-TP X 
Toria-A 
D 60.69 60.42 51.58 62.28 78.50 77.80 91.69 108.64 77.15 74.81 
H 
±11.96 ±17.34 ±35.40 ±21.04 ±54.23 ±24.99 ±52.81 ±19.14 ±19.72 ±26.74 
3.00 4.38 51.63 - 2 . 8 6 136.24 107.49 126.98 40.70 104.67 116.57 
±36.65 ±55.49 ±108.43 ±67.35 ±116.10 ±79.98 ±161.75 ±61.26 ±60.39 ±85.57 
E, 9.01 8.90 4.00 8.14 10.99 10.99 9.30 15.85 20.60 19.70 
±3.52 ±5.20 ±10.30 ±6.31 ±15.97 ±7.49 ±15.55 ±5.74 ±5.80 ±8.02 
E, 3.28 3.31 - 1 . 0 1 - 1 . 9 8 - 2 . 9 3 - 2 . 2 6 0.54 0.99 5.42 5.64 
E3 
±3.35 ±4.74 ±9.93 ±5.76 ±15.21 ±6.81 ±14.81 ±5.24 ±5.53 ±7.32 
10.48 19.94 26.18 31.03 16.62 
K, 
±2.91 ±8.61 ±13.20 ±12.85 ±4.80 
0.41 0.43 0.34 0.19 0.16 0.16 0.06 0.05 0.15 0.16 
K2 0.40 0.41 3.06 2.38 12.21 10.96 7.86 6.47 7.02 7.21 
4.92 4.97 12.56 12.17 30.95 29.20 26.82 26.251 23.27 23.22 
Heritability 71.17 71.02 53.19 65.95 52.70 51.35 85.18 98.12 43.31 42.04 
Table 3 
Analysis of variance 
I t e m d . f. 
Heading d a t e Heading to r ipening P lan t height at heading P lan t height a t r ipening Yield per p l an t 
m . s. V. Г. m . s. V. Г. m . s. V. r . m . 8. V. r . m. s. V. r . 
Toria-BP x Toria-A 
Linkage (L) 1 432.58 113.58** 713.40 14.13* 14.72 230.01 27.23 
Residual (R) 1 3.29 135.27 2.68 757.63 2.94 687.58 2.98 182.31 2.16 
Heterogeneity 
of L 2 10.17 2.66 0.53 0.61 13.32 2.06 
of R 2 5.72 8.07 7.37 1.55 35.38 
Pooled residual variat ion 3 3.81 50.40 357.45 330.22 84.34 
Toria-TP X Toria-A 
Linkage (L) 1 1.38 335.76 11.77* 1104.15 7.55 1569.26 28.05* 134.91 1.87 
Residual (R) 1 94.23 2.33 56.40 1.97 366.97 2.50 109.38 1.98 203.83 2.83 
Heterogenei ty 
of L 2 14.68 0.31 35.88 2.99 18.84 
of 11 2 13.45 14.85 35.83 29.22 6.02 
Pooled residual variat ion 3 40.38 28.60 146.21 55.95 71.94 
* Signif icant a t 5 % level 
** Signif icant at 1% level 
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Table 4 
Estimated values of components of covariation 
Tor i a -BP X T o r i a - A T o r i a - T P X Toria-A 
Inclusive Exclusive Inclusive J Exclus ive 
Heading date Es Heading to ripening 
L - 3 0 . 7 7 ± 24.44 — 38.54 ± 10.01 -25 .13 ± 18.91 -31.15 ± 7.66 
M - 4 0 . 7 6 ± 74.85 — 1.20 ± 32.03 -70.23 ± 57.92 -39.59 ± 24.53 
И, — 1.91 ± 7.19 - 4 . 9 1 ± 3.00 -2 .55 ± 5.57 -4 .88 ± 2.29 
u 2 - 2 . 4 4 ± 6.85 - 1 . 7 3 ± 3.74 — 1.71 ± 5.30 -1 .16 ± 2.09 
U 3 - 1 2 . 9 0 ± 5.95 -12.33 ± 4.60 
Heading date Vs Plant height at heading 
L 24.57 ± 44.66 37.69 ± 30.04 75.93 ± 28.80 75.44 ± 3.48 
M 147.43 ± 136.78 80.65 ± 96.13 21.92 ± 80.20 -26.49 ± 11.14 
U , - 0 . 0 4 ± 13.15 5.01 9.01 0.71 ± 8.48 4.38 ± 1.04 
И. — 3.02 ± 12.52 - 4 . 2 1 8.22 1.41 ± 8.07 0.55 ± 0.95 
U 3 17.35 ± 10.87 11.40 ± 7.01 
Heading date Vs Plant height at ripening 
L — 22.18 ± 32.50 -24.57 + 46.11 -64.96 ± 19.16 -71.15 ± 6.14 
M -147 .32 ± 99.71 — 135.15 ± 147.57 -87 .75 ± 58.70 -56.21 ± 19.67 
U t -15.03 ± 9.58 -15.96 -J- 13.83 - 1 . 8 4 ± 5.64 - 4 . 2 3 ± 1.84 
И. — 6.85 ± 9.13 - 6 . 6 4 ± 13.00 - 1 . 5 0 ± 5.37 - 0 . 9 3 ± 1.68 
U 3 - 9 . 3 7 ± 7.92 —9.54 ± 4 . 6 6 
Heading date Vs Yield/plant 
L 30.68 61.80 44.62 ± 65.79 77.47 : 11.37 70.87 ± 7.14 
M 207.22 189.28 136.29 ± 210.53 -0.39 34.85 -17.70 ± 22.87 
UT 9.93 18.20 15.32 ± 19.73 6.39 3.35 7.70 ± 2.14 
U2 11.27 17.33 10.00 ± 18.01 -0 .37 3.19 -0 .68 ± 1.95 
U3 24.33 ± 16.00 7.85 : 2.76 






-32.06 ± 33.74 
112.44 ± 103.33 
-11.08 ± 9.93 
- 6 . 2 1 ± 9.46 
- 1 . 0 3 - 8.21 
- 28.11 ± 45.85 
132.55 ± 146.72 
9.56 ± 13.75 
— 6.57 ± 12.55 
- 46.36 ± 40.74 
116.55 ± 124.77 
- 4 . 5 9 ± 11.99 
2.16 ± 11.42 
-18 .93 ± 9.91 
-58.06 ± 29.41 
-56.92 ± 94.27 
-9.11 ± 8.83 
3.22 ± 8.06 
(Continued overleaf) 
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Table 4 (continued) 
Tor ia -BP X T o r i a - A T o r i a - T P X Toria-A 
Inclusive Exclusive Inclusive I Exclus ive 
Heading to ripening Vs Plant height at ripening 
L 42.16 ± 52.67 57.89 ± 33.21 32.94 ± 41.22 87.49 ± 37.99 
M 116.04 ± 161.33 35.98 ± 106.27 155.00 ± 126.26 83.71 ± 121.59 
и , - 1 . 4 5 ± 15.51 4.61 ± 9.96 - 3 . 4 2 12.14 13.23 ± 11.39 
u 2 6.15 ± 14.77 4.72 ± 9.00 - 2 . 6 9 ± 11.56 - 3 . 9 3 ± 10.40 
u 3 21.77 ± 12.82 18.08 ± 10.03 
Heading to ripening Vs Yield/plant 
L 56.34 ± 53.96 68.33 ± 35.02 54.53 ± 8.04 51.88 1.37 
M 148.09 ± 165.27 66.65 ± 112.06 67.76 ± 24.64 81.24 ± 4.40 
U, — 2.23 ± 15.37 3.94 ± 10.50 6.16 ± 2.23 5.14 ± 0.41 
и . - 3 . 2 8 i 15.13 -4 .74 ± 9.59 - 0 . 1 4 ± 2.25 0.09 ± 0.37 
U 3 22.81 ± 13.11 2.37 ± 1.95 
Plant height at heading Vs Plant height at ripening 
L — 29.45 ± 26.70 34.00 ± 31.35 - 1 2 . 0 6 14.92 - 1 3 . 9 9 ± 19.95 
M - 1 7 5 . 4 6 ± 81.79 - 1 4 8 . 9 2 ± 100.32 - 126.99 45.69 - 1 1 7 . 0 7 ± 63.85 
и , 8.30 ± 7.86 10.31 9.40 - 3 . 8 7 ± 4.39 - 4 . 6 2 ± 5.98 
и . - 4 . 9 9 ± 7.49 - 4 . 5 2 ± 8.58 - 3 . 6 3 ± 4.18 - 3 . 4 6 ± 5.63 
U 3 - 1 5 . 8 0 ± 6.50 - 3 . 1 5 -j- 3.63 
Plant height at heading Vs Yield/plant 
L 19.78 ± 6.60 30.48 ± 5.04 6.24 ± 27.13 2.06 ± 34.87 
M 2.83 ± 112.10 — 51.63 ± 80.14 195.59 ± 83.06 216.86 ± 111.62 
Ut 5.52 ± 10.78 9.65 ± 7.51 8.19 ± 7.98 6.57 ± 10.46 
U2 - 2 . 1 7 ± 10.26 - 3 . 1 5 ± 6.85 4.63 ± 7.60 5.01 ± 9.55 
U3 22.38 ± 8.92 - 0 . 6 8 ± 6.60 
it height at ripening Vs Yield/plant 
L 34.45 ± 37.73 46.86 ± 6.92 69.27 ± 15.26 71.34 ± 20.23 
M 212.58 ± 115.55 149.43 ± 22.13 122.59 ± 46 .75 112.05 ± 64.73 
и , 5.39 ± 11.11 10.19 ± 2.07 9.80 ± 4.49 10.60 6.06 
U2 2.77 ± 10.58 1.64 ± 1.89 4.34 ± 4.28 4.16 ± 5.54 
U3 24.80 ± 9.18 13.20 ± 3.71 
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Table 5 
Phenotypic (rph), genotypic (rg) and additive (rp,) correlation 
between the different characters studied 
Toria-BP X Toria-A To r i a - T P X Toria-A 
rph rn Грк 4 
Heading date Vs 
Heading to r ipening 
- 0 . 6 5 - 0 . 6 8 — 0.48 0.74 
- 0 . 8 3 - 0 . 5 1 
Heading date Vs 
P l a n t height at head ing 
0.73 0.85 0.56 0.63 0.69 1.10 
Heading date Vs 
P l a n t height at r ipening 
- 0 . 9 4 - 0 . 8 4 - 0 . 3 5 * - 0 . 9 4 1.10 0.88 
Heading date Vs 
Yield/plant 
0.97 1.05 0.67 0.65 0.68 1.05 
Heading to r ipening Vs 
P l a n t height a t head ing 
- 0 . 8 9 0.99 — 0.41 - 0 . 9 7 0.97 - 0.83 
Heading to r ipening Vs 
P l a n t height at r ipening 
0.71 0.82 0.81 0.87 1.46 1.06 
Heading to r ipening Vs 
Yield/plant 
0.99 1.26 0.92 0.87 1.42 0.75 
P l a n t height a t head ing Vs 
P lan t height a t r ipening 
- 0 . 8 6 - 0 . 9 7 0.05* - 0 . 5 2 - 0 . 5 4 
- 0 . 1 5 * 
P l a n t height at head ing Vs 
Yield/plant 
0 . 1 1 * - 0 . 0 2 * 0.53 0.76 0.83 0.03* 
P l a n t height at r ipening Vs 
Yield/plant 
0.94 1.12 0.70 0.89 0.96 0.79 
* Non-s ignif icant values 
magn i tude , and all t he f ive charac ters were found to be significantly corre la ted with y ie ld 
a n d also amongst themselves , bu t the na ture of the correla t ion was nega t ive in five cases 
only. The presence of a significant correlat ion between f i x a b l e heritable componen t s ind ica ted 
t h a t an early selection programme m a y be started for t h e improvement of these charac ters . 
Addi t ivi ty a n d dominance p lay an important role in the inher i tance of quan t i t a t i ve 
charac te rs in Brassica campestris L . a n d B. juncea L . ( J O A R D E R — E U N U S 1968, 1970a, b , 
ZUBERI JOARDER —EUNUS 1972). I n the present inves t iga t ion , however , only add i t iv i ty 
was detected. Signif icant E 3 and non-s ignif icant E, in m o s t of the cases i nd i ca t ed the presence 
of genotype—environment interact ion in these charac te rs . Both dominance and add i t iv i ty 
i n t e rac t with the e n v i r o n m e n t in some of these cha rac t e r s (JOARDER —EUNUS 1976). Geno-
type—environment in te rac t ion may be responsible for t he non-signif icant estimate of H 
(HILL 1966) . 
Est imated her i t ab i l i ty values were high for mos t of the characters. Significant genet ic 
gain along with a h i g h heri tabi l i ty e s t i m a t e are helpful in predicting t he resu l tan t effect of 
selection (JOHNSON—ROBINSON— COMSTOCK 1955). I n t h e present s t u d y high her i tabi l i ty 
values accompanied b y high genetic ga in were most ly due to the add i t i ve effect (PANSE 
1957) and show t h a t phenotyp ic selection may be e f fec t ive f rom an ear ly generation. 
Informat ion der ived from ] / (K 2 D) for possible select ion advance ind ica tes that t r ans -
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gressive segrega t ion in either direct ion may be e x p e c t e d for most of the characters s tudied . 
A similar e x p e c t a t i o n of t ransgress ive segregation w a s reported by JOARDER — EUNUS (1970a, b) 
in segregat ing progenies of t h e crosses T o r i a - B P XToria-7 and T o r i a - T P xTor ia -7 . 
A c o m p a r a t i v e s tudy of the estimates of K t and K., as to the number of effect ive 
factors cond i t i on ing the cha rac t e r s under inves t iga t ion provides informat ion r e g a r d i n g the 
sequence of a r r angemen t of genes with plus a n d m i n u s effects wi th in t he two pa ren t s . I n cases 
where the p l u s a n d minus genes are not isodirect ional ly d i s t r ibu ted within the p a r e n t s , K , 
is unde r -e s t ima ted while the K 2 values remain una f f ec t ed (MATIIER 1949). The f a c t t h a t the 
estimates of K 2 were always more than those of K 4 in all the cha rac t e r s indicated t h a t the 
genes are non-isodireet ional ly dis t r ibuted in t h e pa ren t s . The K 2 e s t imate indicated t h e pres-
ence of 1 to 12 effective fac to rs to control the c h a r a c t e r s studied. JOAHDER -EUNUS (1970a, b) 
reported on ly one gene group ( K , ) in this crop a n d considered t h a t the low es t ima t ion of K t 
was due t o t h e non-isodirectional distr ibution of polygenes in t h e parents . The presence of 
1 to 19 d o m i n a n t gene groups a n d 4 to 14 e f f ec t i ve factors was r e p o r t e d to condi t ion some of 
these c h a r a c t e r s in Brassica juncea L. and В. campestris L. respect ively ( J O A R D E R — - E U N U S 
1968, 1970a, b ) . 
Tes ts fo r linkage could no t detect the presence of l inkage in most cases. F r o m this, 
however, it c a n n o t be said t h a t there is no l inkage operating, because the test fai ls to detect 
the presence of either very w e a k or very s t rong l inkage. The presence of gene i n t e r ac t i on has 
b e e n r e p o r t e d b y J O A R D E R — E U N U S ( 1 9 7 0 ) a n d b y Z U B E R I - J O A R D E R — E U N U S ( 1 9 7 2 ) i n 
these cha rac t e r s . Different t y p e s of gene i n t e r ac t i on effect D a n d H differently ove r genera-
t i o n s as w e l l a s o v e r r a n k s o f s t a t i s t i c s (HAYMAN— MATHER 1 9 5 5 , MATHER- JINKS 1971) .  
Both l inkage a n d gene in te rac t ion have been b a l a n c e d in such a w a y tha t the t e s t of linkage 
has failed t o de tec t the presence of linkage in t h i s s tudy. A s igni f icant linkage in f o u r cases 
indicated t h e heterogeneity of D and H over d i f f e r e n t ranks of s ta t i s t ics . None of t h e hetero-
geneity i t e m s are significant (Table 3), i nd i ca t i ng tha t the he te rogene i ty of D a n d H over 
ranks of s ta t i s t i cs is due to l inkage. The v a l u e s of D and H are different in Vp 3 statistics 
than in o t h e r s . 
I n covar iance analysis the significant v a l u e of L indicate» tha t some ple iot rophic 
effects are involved. The p lus and minus s igns of L indicate t h a t the genes cont ro l l ing the 
two q u a n t i t a t i v e characters are closely l inked in the coupling a n d repulsion phase s . The 
examinat ion of the correla t ion coefficient i nd i ca t ed that there was a definite association 
between m o s t of the charac te rs . But in a f ew cases the inbred l ines showed no association 
between some of the charac te rs . The s ignif icant L may well be d u e at least to s o m e extent 
to l inkage. T h e positive s ign i f i can t value of M fo r the characters heading to r i pen ing period 
and yield p e r p lan t for the cross Toria-TP XTor ia -A , and for p lant he ight at r ipening a n d yield 
per p lant fo r b o t h the crosses indicated that the dominance of the tw o gene systems concerned is, 
on average, in the saine d i rec t ion . The e x a m i n a t i o n of F, and F2 m e a n s showed t h a t t he direc-
tion of d o m i n a n c e for these characters was t o w a r d s higher pe r fo rmance . On the o t h e r hand, 
significant negat ive M va lues for the c h a r a c t e r s heading da te a n d plant he ight indicated 
that the dominance of the t w o gene systems w a s in the opposite direct ion. Correlat ion studies 
revealed t h a t heading da te a n d plant height a r e positively cor re la ted . This m a y ar ise due to 
linkage in t h e repulsion phase . 
P l a n t breeders are in constant search of characters w h i c h are highly he r i t ab l e and 
strongly corre la ted genet ical ly. The charac te r s studied were h igh ly correlated genetically 
with the y ie ld and amongst themselves and also exhibited high her i tabi l i ty and h i g h genetic 
advance. All of these f ea tu r e s suggest t h a t a selection p rog ramme is likely to y ie ld positive 
results t o w a r d s higher yield. A high yielding e a r l y maturing v a r i e t y of Brassica campestris L. 
is desirable in order to avo id pest at tack, b u t t h e relatively h igh negative geno typ ic correla-
tion be tween the heading d a t e and the h e a d i n g to ripening pe r iod indicates t h a t i t may be 
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di f f icu l t to produce such a variety. Covar iance analysis ind ica ted tha t the g e n o t y p i c correla-
t ion was due to l inkage, a t least to some e x t e n t , and careful selection f rom t h e segregating 
progenies m a y give selection lines with a po t en t i a l for high yield and early m a t u r i t y . 
* 
Prepa red at the D e p a r t m e n t of B o t a n y , Universi ty of Rajshahi , R a j s h a h i . 
O . I . J O A R D E R , A . M . E U N U S , S . R A H M A N 
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L I F E AND W O R K O F J Ó Z S E F CSAPÓ 
József Csapó was one of the mos t ou t s t and ing of t he last Hungar ian bo tan i s t phy-
sicians. He was born on 18th July 1734 in Győr (Hungary) , son of József Csapó, legal adviser 
to Pr ince Eugene of S a v o y , and Maria O t t , daughte r of Chr is toph Ottius, a Swiss merchant 
f rom Schaf fhausen . He received his e l e m e n t a r y education in his native town, t h e n a t tended 
higher educat ional in s t i tu t ions in G e r m a n y and Switzer land. 
He became a doc to r of medicine o n 7 t h August 1759 in Basel. The degree of doctor 
was conferred on h im b y Johann Zwinger a t the time w h e n Johann Rudol f Stehelin was 
dean. According to the cus tom of the t i m e s Csapó held a discussion, w i t h o u t a chairman, 
on the Hungar i an fever ("Dissertatio inauguralis medica de febre Hungarica"). He was the 
t e n t h Hunga r i an since 1576 to receive t h e degree of doctor a t Basel Un ive r s i ty . I t may he 
of in teres t to present t h i s illustrious l is t : György Henisch 1576, J akab Grego ry 1586, Pál 
Gramer 1614, Kereszté ly Augustini ab H o r t i s 1620, J á n o s Kristóf Knogler 1656, Ferenc 
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Î O - S E P H U S C S A P Ó . В 
obi l u H u n ű M - ш .Medio. D o c t . c t . U . R . 
C i t t n D e l > r e t + n « u i i . P h y a i c u j . 
[ Natu- l o u r u n Arno i p f d ie. '« h d u . r 
Fig. 1. Portrai t of József Csapó p a i n t e d in 1775 
Pár iz Pápa i 1674, P é t e r J á n o s Komáromi 1715, Is tván H a t v a n i 1748, Gergely Dömök 1758 
and József Csapó 1759. 
On his re turn h o m e he was e lec ted regular phys ic i an in Debrecen. He continued 
to work there until h is d e a t h on 19th M a y 1799. 
The era in uhich he worked. Csapó l ived in a per iod characterized f i r s t b y a colonial 
economic policy and t h e n b y an enl ightened absolutism. I n the economic pol icy developed 
a f te r 1754 the Imperial Cour t of Vienna ass igned the role of r a w material p roduc t ion to Hun-
gary. T h i s state of d e p e n d e n c e combined w i t h the rigid f e u d a l conditions h a d a paralysing 
effect oil the economic a n d intellectual l ife of Hungary. 
F rom the 1770's onwards it was increasingly real ized t h a t the H u n g a r i a n language, 
as i t was then, was n o t sui table for the cul t ivat ion of sciences. Under the inf luence of the 
F rench en l igh tenment György Bessenyei (1747—1811) declares in his p a m p h l e t " J á m b o r 
s z á n d é k " (Good in ten t ions ) t ha t science is the principal m e a n s of making a na t ion happy , 
while language is the f i r s t key to it, as no na t ion has ever been able to acquire wisdom unt i l 
cu l t iva t ing science in i t s own language. 
I t was thus d u r i n g this period t h a t Hungarian sc ient i f ic l i terature evolved. J ános 
Molnár (1728—1804), phys ic i s t , writer a n d J e s u i t teacher, r e n d e r e d the te rminology of physics 
into Hungar i an in his b o o k on physics publ i shed in 1777. Sámue l Rácz ( 1 7 4 4 - 1807), phy-
sician and university professor , was a pioneer of H u n g a r i a n medical t e x t - b o o k l i terature. 
I s t v á n Weszprémi (1723—1799), the o t h e r famous phys ic ian of Debrecen, f o u n d e r of Hun-
gar ian medical history research , wrote t h e f i r s t Hungar ian book for midwives in 1766. 
It is to this g r o u p of scientists t h a t József Csapó belongs , whose book " U j füves és 
virágos magyar k e r t " ( N e w Hungarian l a w n s and f lower-gardens) , published in 1755, served 
to rev ive Hungarian b o t a n i c a l l i terature 200 years ago. T h e book he publ i shed in 1771 on 
pedia t r ics was the f i r s t work written on th i s subject in H u n g a r i a n . 
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DISSERTАТЮ I N A U G U R A T E MEDICA 
FEBHE HUNGARICA, 
Qli * И 
DIVIN« FAYtNTE GRATIA 
EX DÍCEETO ET AUCTOX1TATE 
CRCTTIOSL MEDICOROM 0RD1N1S 
1 N HAUSnU UNIVERSITATE BASILEENSI 
S U M M 1 S I N M E D K H N A H O N O R 1 B U S 
ET PRIV ILEGI IS D O C T O R A M B U S 
S T A T I N F O S T A C T U M DI S F U T A T O » I B M 
I U I C O S S I R Ü S N O I S 
ZUILICO I X I HIN I S I S T I T 
J O S E P H U S C S A P O , 
jaurino - Htmganjs. Mir. 7. ЛгФ " DCC LIX. 
K L R C 
ASILE*., 
T)T*s E x s k u e l i s T a m s i l i i i . 
Fig. 2. Frontispiece of Dissertatio 
Inauguralis Medica 1759 
© С 4 1 О 
nomen Ammo mrrriur jure mortui nof t« , „ K m i r n _ 
kjeo aliquoi dornend«! sfeftll hu,с ,i u L 
Non fqlum cnlni quMit, gnfctur ,
 Pr„ vhmaKta ow 
tvRnal d,vcrl,«1С , prar8re«i dive,la Seri, с о и * Д Г 
al,am atque alum indul, lauem: fed de in uro Ä 
b e o . quotqnot corripit fubjíá., pro i m p m ^ X 
to , & tdmfyncruGx dilcrcpantia, partúqut vei vifeer» |„ 
quo peccans marnia Inam ígit fedem . dtscrficatc, rolidem 
quafi dívcrfos Mere Inlet morts». Sic v. g. fi описки 
tan, nuafma ccrcbruin vei membranas dlud mvolrcmts in. 
fiammationc contaminât, phrenitidem ; fi collum, 01 alpe. 
ramquc arceriam, anvirum ; fi pulmonci ici pleuram. pt-
iipneumonian, vcl pleutitidcm mcmitur. Si ad imcftina 
venit pcccans materia diarrhraur vei dyfcntcriam cxeitat. 
Si ad communia corporii intcgumcma, cutcm lulicct, 
amandatur. varios murbos exantheniatico,, variolas, pe-
techias See. producit (c). 
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G e r ^ S U UliddObtt Jtrrmtbot (»). M' ' J m n t 
h r i t M ÎMm « S t M . b k ï a c i m ( J ) and«, l a p * pr-
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Fig. 3. Page 4 of Dissertatio 
Inauguralis Medica 
K I S G Y E R M E K E K j 
ISPUTAL J A, 
MELI? SEN 
K ö l ö m b f i Q e N e v e z c c e f s e b b N y a -
v a l y á i , « Kúlsft Hibái a ' k i t G y e r m e k e k -
nek, "I ezek print lehető Orvoslásnak mod. 
syai háiégeien meg - írattak. 
C S A P O J O S E F 
M e d i c i n ® D o í f o r , é t N e m e t Szabad 
Királyi DKBRÉCZEN Vírofsának 
Fbylikniu által 
f i l l , . ,'liA 
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il 
Fig. 4. Front ispiece of " K i s Gyermekek 
I s p u t a l j a " (Children's t h e r a p y ) 1771 
Tekintetes, és Nagy Érdemű 
l ' A T R U N U S U K A I M ! 
Kmc« Magyar H a z á m h o z , és ennek 
-1- ' ékes Nemzetéhez való igaz f ze r e t e t -
tel v i f e l t e t t vén , fz'úntelen azon vagyaik , 
's hólt ig azon lé fzck , mi módon ennek él-
hefsek j a v i r a ; t ' végre ezen k i , M a g y a r 
Munkámat - i , ( meüy ezen nye lven m é g fo-
ba nem lá t t a to t t ) fok munkával el - kéfz i -
te t tem, éf imé világofságra - is b o t s k t a n i 
k ívántam. H o g y pedig nemzetes , és drá-
ga Uraim, a v a g y tsak ezen k i t s inségge l - i s 
Negye imetekhez tartó háládatos j ó Indula-
tomat n y i l y á n valóbbá teheilem, e z t n a g y 
íubmiffioval oda ajánlom; és ha ezen Izin-
muratás né lkül való jó Szándékommal k e d . 
vet ta lá lok, azt e' világi boldogságain, k ó r -
zé fzümlálni fogom. Ki-is az e l e i tó i f o g v a 
tapafztal t , ' s hozzám nyilván m u t a t o t t ke-
gyes , 's k ü l ó n ó s propenfiojokban magam 
recommendálom, és a 'mint eddig , ú g y 
utólsó pthenélemigállandóúl maradok. 
A Tittd.Hu T. Kegyet, er kilt'nôt Tift-
tt.'etre tntît:, ,\r:y J.j Pairews 
Ul J ! -r-r fc 
N'igy alazarorslgíui, és hizséggcl le-kórelezett 
Saopió CSAPO JÖTT AfcJ. Ltod. 
cl Debicticni fhyfrí , urt. (I 
Fig. 5. Dedica tory lines in " K i s 
Gyermekek I spu t a l j a " (Chi ldren ' s 
therapy) 
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Fig. 6. Front ispiece of " U j Füves és Fig. 7. Fron t i sp iece of "Orvos ló 
V i r a g o s Magyar K e r t " (New H u n g a r i a n K ö n y v e t s k e " ( H a n d - b o o k of med ica t ion ) 
l awns and f l o w e r - g a r d e n s ) 1775 1791 
Debrecen, the scene of Csapó's uorh. Prior to s p e a k i n g of József C s a p ó ' s work let u s 
f i r s t get acqua in ted in ou t l ine wi th t h e t o w n he w o r k e d in . A t the t ime of t he 1784 census 
D e b r e c e n , with 30 ,064 i n h a b i t a n t s , w a s t h e biggest t o w n in H u n g a r y . B u t in the op in ion 
of a n English t r a v e l l e r a t the end of t h e cen tu ry , it w a s p e r h a p s the l a r g e s t village in t h e 
w h o l e of Europe . I t is a fac t t h a t oil 1 2 t h Sep t ember 1770 the royal commiss ione r ra i sed 
o b j e c t i o n s against t h e d i r t y streets a n d t h e lack of c a n a l i z a t i o n . B u t e v e n in 1798 the t h e n 
r o y a l commissioner is o n l y known to h a v e included c a n a l i z a t i o n and g r a d i n g work in D e b r e -
cen in his plans. 
The d e v a s t a t i o n caused by the p l a g u e in the 18th c e n t u r y raised t h e idea of o rgan iz ing 
t h e ins t i tu t iona l n u r s i n g of the sick in Debrecen . The f i r s t bui lding which se rved to receive 
t h e sick was e s t a b l i s h e d in about 1739, b u t no da ta on i t s func t ion ing h a v e surv ived . 
At t h a t t ime t h e inte l lectual life of Debrecen w a s ac t i ve . One of i t s c en t r e s was in t h e 
h o u s e of I s tván W e s z p r é n i i . F r e q u e n t g u e s t s here were J á n o s Földi (1755—1801) , phys ic ian , 
n a t u r a l i s t , l inguist a n d poe t : Mihály F a z e k a s (1766—1828) , poe t and b o t a n i s t ; Mihály Cso-
k o n a i Vitéz ( 1 7 7 3 - 1805) , the g r e a t e s t p o e t of the H u n g a r i a n e n l i g h t e n m e n t , and F e r e n c 
K a z i n c z y (1759 — 1831) , poe t , the l e a d i n g f igure of t he c o n t e m p o r a r y l i t e r a t u r e and l anguage 
r e f o r m . József Csapó p r o b a b l y be longed to this circle of scient is ts , as W e s z p r é m i called h i m 
" m y dear col league" a n d " m y k ind red fe l low-sc ien t i s t " i n his works. 
"New Hungarian lawns and flower-gardens". T h e fu l l t i t le is " U j f ü v e s és v i r ágos 
m a g y a r kert , i ne l lyben mindenik f ű n e k és v i rágnak N e v e , Neme , Á b r á z a t j a , Természe te és 
E z e k h e z képest k ü l ö m b f é l e Haszna i , é r te imessen m e g - j e g y e z t e t t e k Csapó Jóse f medic inae 
d o c t o r , és Nemes S z a b a d Királyi D e b r e t z e n Város sának Phys ikus sa á l ta l . P o s o n y b a n , L a n -
d e r e r Mihály k ö l t s é g é v e l és be tű ive l . 1775" (New l a w n s a n d f l o w e r - g a r d e n s in H u n g a r y 
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in which the n a m e , genus, a p p e a r a n c e , proper t ies a n d various uses of each grass a n d f l o w e r 
are clearly n o t e d by József Csapó , doctor of med ic ine and physic ian of Debrecen, r o y a l f ree 
borough. P r i n t e d in Pozsony b y Mihály Lande re r a t his own cos t . ) oc tavo 305 + 23. The 
second edi t ion was published in t he same place, 1792. 
In th i s book Csapó descr ibed 417 p lan t s of some impor t ance in alphabetical o rder . 
Even if his d a t a are not s igni f icant , the book itself is made h igh ly significant by t h e fac t 
t h a t af ter Meliusz ' Herbar ium, published in 1578, a n d Beythe 's Stirpium Nomenclator Pan-
nonicus, 1583 — 4, this was t he n e x t botanical work writ ten in H u n g a r i a n , after an in t e rva l 
of nearly 200 years . 
Csapó t r ied to p ropaga te botanical knowledge among those w h o did not know L a t i n . 
There were, in a n y case, p rob l ems with the H u n g a r i a n names of p l a n t s . Even in 1793, 19 
years a f te r Csapó 's book was publ ished, János Fö ld i (1755 — 1801) men t ioned in a p a m p h l e t 
entit led " R ö v i d kri t ika és r a j z o l a t a magyar f ü v é s z t u d o m á n y r ó l " (A brief cri t icism and 
delineation of Hungar ian b o t a n y ) t ha t the n a m e s of plants were n o t uniform. In Föld i ' s 
opinion th is caused confusion a n d made most of t he Hungarian medica l and agr icu l tu ra l 
books useless. 
For th i s very reason it is noteworthy t h a t Csapó recorded all the Hungar ian n a m e s 
used in prac t ice for each p lan t . A t the end of the f i r s t edition he n o t e d t h a t he had l is ted 646 
Hungar ian n a m e s for 417 grasses. In the second ed i t i on the number of Hungar i an p lan t n a m e s 
exceeds a t h o u s a n d . 
In his work he relied on Cran tz ' s book ( Ins t i tu t iones rei herbariae juxta nutum naturae 
digestae exhabitu. Viennae, 1766), h u t he was also acquainted w i t h Meliusz, B e y t h e and 
Clusius' " P a n n o n i a n f lora". 
The n a m e s of the 417 p l a n t s listed in a lphabe t i ca l order are g iven in Hungar ian , L a t i n , 
French, G e r m a n and Italian. T h e descriptions are deficient , but de t a i l ed information is given 
on the in te rna l a n d external uses of the plants. A p a r t from this his d a t a bear witness to his 
thoroughness as a botanist . H e collected plants i n t he neighbourhood of Debrecen, in Szat-
már , Győr, Veszprém, Fejér , Somogy and B a r a n y a counties and in t he Bakony hills. 
He himself invented p l a n t names . He wro te : Stratiotes aloides L . "Koloka . Imergyöké r . 
(Water-soldier .) Lat in : Imera pannonica. (This na ine has been i n v e n t e d by Csapó.) Th i s 
spiky-leaved a q u a t i c grass grows in a lake in V e s z p r é m county. I t is a highly poisonous grass , 
soon causing t he death of people a n d animals ." (p . 140) 
In his book "Magyar r i t k a s á g o k " ( H u n g a r i a n rarities) Béla T ó t h wrote tha t p a p r i k a 
was first men t ioned by its p r e sen t n a m e in Csapó's book . In the r e l e v a n t Hungarian l i t e r a t u r e 
i t was f i rs t men t ioned in A lbe r t Szenczi Molnár 's dict ionary, pub l i shed in 1604, u n d e r the 
name " T u r k i s h pepper, piper i n d i c u m " . Csapó also mentioned th i s n a m e , and in a d d i t i o n 
called it ga rden pepper, or p a p r i k a . 
Csapó's botanical work seems to have a r o u s e d interest in o t h e r s . His work b e c a m e 
widely known , as proved by t h e second, unrevised edition publ ished in 1792. In Debrecen 
Csapó's bo tan ica l work was con t inued by Samuel Diószegi (1760—1813), botanist , p a s t o r 
and teacher , who published t h e "Magyar F ü v é s z k ö n y v " ( H u n g a r i a n botanical b o o k ) in 
1807 and the "Orvos i Füvész K ö n y v " (Medical B o t a n y ) in 1813, b o t h in Debrecen. 
Other uorks by József Csapó. 1. Disquisitio de praesentia liquidi nervi in musculo . . . 
Argentorat i , 1756. octavo 1 page . 
2. Probléma Theoreticum de auditu et Practicum de Pleuritide. Basiliae, 1758. q u a r t o 
11 pages. 
3. Dissertatio inauguralis medica de febre Hungarica. Basiliae, T y p . Fmanuel is T h u r -
neysen. 1759. q u a r t o 26 pages. 
One p a r a g r a p h might p e r h a p s be quoted f r o m this doctor ' s dissertat ion, in w h i c h 
Csapó defines his subject as fol lows: "Hungar i an f e v e r is a type of a c u t e , malignant , in fec t ious 
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fever which is accompanied by v e r y severe s y m p t o m s in many places; stagnation and con-
sequent decay and rotting in t he tiniest lymphat ic and blood vessels have been found to 
be the causes. In German it is known as 'Hunga r i an disease' b) ' h e a d disease, headache ' 
and c) 'croup, sore throat ' , d) In Hunga ry it first appea red in 1566, in t he Pannonian mi l i ta ry 
expedition of Emperor Maximilian I I against Suleiman, e) where t h i s disease first became 
well-known a t Comorra ." 
4. " K i s Gyermekek I spu t a l j a . . . " (Children's therapy, in wh ich major diseases a n d 
external disorders of small children and their possible therapy are precisely described b y 
József Csapó, doctor of medicine and physician of Debrecen, royal free borough). N a g y -
károly. Sz. N. I s tván Pap T y p o g r a p h . 1771. oc tavo X -f- 122 pages. 
As we have mentioned, th i s was the first pedia t r ic work w r i t t e n in Hungarian, and 
was reviewed, according to Weszprémi , in Part X I I I of the 1771 Vol. of Ephemerides littera-
riae Vindobonenses. It was also reviewed by Prof. Tibor Győri in No. 1903/3 of the "Orvos i 
Het i lap" (Medical Weekly). 
5. "Orvosló Könyvetske . . . " (Hand-book of medication, i n t ended for the use of t he 
poor sick, by József Csapó doctor of medicine, physic ian of Debrecen, printed in Pozsony 
and Pest a t t he expense of Mihály Fiiskuti Landerer . 1791. octavo 382 pages. 
6. Valetudinarium infantile Hungaricum novum sistens morbos infantium centenos 
horumque tutos curandi modos . . . Pestini, 1794. oc t avo VIII + 188 pages. (The manusc r ip t , 
dated Debrecen 1791, is in the Hungar ian Nat ional Museum.) 
7. A work in manuscript " U b e r zusaminen-gewachsene Kinder . 1791" is in the H u n -
garian National Museum. 
Evaluation of József Csapó. His books and the abundant references found in t h e m 
are a speaking illustration of the high level of his scientific knowledge. This is made par t icu l -
arly clear by the list of books lef t behind after his d e a t h . (In the H a j d ú - B i h a r County Archives; 
"Conscriptio Librorum Drii Josephi Csapó quondam L. R. Cittis Debrecziensis Ord Physici." 
Registry n u m b e r : Relatio IV A 1011/k—1800/117. His library is l isted on nine pages, u n d e r 
serial numbers 1 to 226.) 
It would be well worth processing and reviewing this list of books even from the po in t 
of view of cul tura l and li terary his tory. Natural ly, it can only be ment ioned here in a few 
sentences. Csapó's oldest book was Filep Melanchton 's "Fi loso f ia morális", dated 1530. 
He had a medical book from the 16th century: " Valesco de Taranla Filonum Pharmaceuti-
cum et C.hirurgicum. Francofurt i 1599." 
Among the 226 books t he re are four works wri t ten in H u n g a r i a n : a Bible publ ished 
in 1608, in Hannove r , t ransla ted by Albert Szenczi Molnár; Ferencz Miskolczi: "Chi ru rg ia 
Uti Társ" (Chirurgical travelling companion), Győr, 1742; János L a n g : " A Magyar Országi 
Orvos Vizekről való Könyv" (Medical waters in Hungary) , Nagykáro ly , 1783; "Orvosi Tan í -
tás a Gyermekek Nyavalyáik megesmeresekről" (Diagnostics of chi ldren 's diseases), Pest , 1794. 
His enlightened mind and his love for the na t ion are clearly ref lec ted in his l i fe-work. 
As he himself wrote , his " H a n d - b o o k on medica t ion" was published to enable the poor sick 
of the Hungar ian plains to cure themselves with t he grasses and f lowers found everywhere . 
This shows bis advanced way of thinking and readiness to help, as well as his sense of re-
sponsibility a n d love for his na t ion , even though the poor people of t h e Hungarian " p u s z t a " 
were probably the least able to b u y and read his book. 
We m u s t not forget t h a t in the 1780's near ly half of the Hunga r i an villages h a d no 
schools. The peasan t ry lived in adobe or mud houses under unhea l thy conditions. Therefore 
all those who did anything to m a k e people's life more human are w o r t h y of special a t t en t i on . 
To this group belonged József Csapó, whose life a n d work are dealt w i t h in this brief review, 
prepared on the occasion of the 200th anniversary of the publication of his botanical w o r k . 
P . H A R G I T A 
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T H E I N F L U E N C E O F H A R V E S T I N G T I M E AND N U M B E R O F P L A N T S 
P E R H I L L ON Y I E L D O F R O O T S A N D S U G A R I N S U G A R B E E T 
A l t h o u g h sugar bee t ( B e t a vulgaris L.) is a m a i n sugar c r o p in t he world, t h e r e is ve ry 
little i n f o r m a t i o n avai lable in t h e Arab R e p u b l i c of Egyp t r e g a r d i n g the effect of d i f f e r e n t 
cul tura l m e t h o d s on the y i e l d a n d sugar c o n t e n t of this crop. 
E x t e n s i v e studies oil t h e t ime of p l a n t i n g a n d h a r v e s t i n g of sugar beet h a v e been 
conduc t ed in m a n y coun t r i e s . PANTANELLI ( 1948 ) pointed o u t t h a t sugar bee t c u l t i v a t i o n 
could be success fu l in m a n y Medi te r ranean r e g i o n s where sowing t o o k place in N o v e m b e r 
and the c r o p was harves ted in May . MUSILLAMI (1960) repor ted t h a t t he best t ime f o r sowing 
in Sicily w a s ear ly D e c e m b e r a n d the best h a r v e s t i n g time w a s 1—20 Ju ly . MIAN (1966),  
in the P a s h a w a r Valley, s t a t e d t h a t the h i g h e s t roo t yields were o b t a i n e d if the c r o p was 
h a r v e s t e d i n J u n e . S t u d i e s c o n d u c t e d b y N Ö D A et al. ( 1 9 6 1 ) , H A L L HILLS ( 1 9 6 2 ) a n d 
DRAYCOTT et al. (1973) i n d i c a t e d t h a t a de l ay in t h e ha rves t ing t i m e increased t h e ave rage 
yields in s u g a r beet. 
BROADHEAD et al. ( 1 9 6 3 ) s t a t ed t h a t hi l l t r e a t m e n t s r e q u i r e d less seed for t h e p l a n t -
ing a n d less l abour for t h e t h i n n i n g , c u l t i v a t i o n a n d ha rves t ing of sugar beet . SCHRÖTER 
(1965) i n d i c a t e d t h a t the p r o p o r t i o n of l i g h t - w e i g h t roots inc reased as the n u m b e r of p l a n t s 
per hill i n c r e a s e d , hut he r e p o r t e d no d i f f e r e n c e s in their s u g a r c o n t e n t . BIRNEY (1946),  
ROBINSON— WORKER ( 1 9 6 9 ) a n d DRAYCOTT et al. ( 1 9 7 1 ) s t u d i e d t h e e f f e c t of p l a n t i n g d e n s i t i e s 
on the y i e ld s of roots and /o r s u g a r in sugar b e e t . T h e y repor ted o n d i f f e ren t p o p u l a t i o n s and 
found t h a t increases in the y i e l d a n d sugar c o n t e n t of the roots v a r i e d according to t h e p o p u l a -
tion t e s t e d a n d the va r i e ty u n d e r inves t iga t ion . 
T h e o b j e c t i v e of t h e p r e s e n t i nves t i ga t i on was to o b t a i n i n f o r m a t i o n r e g a r d i n g the 
effect of t h e p l a n t i n g season, t i m e of ha rves t i ng t h e crop and t h e o p t i m u m n u m b e r of p l a n t s 
per hill on t h e t o t a l yields of f r e s h roots and s u g a r per hectare . 
T h e s u g a r beet v a r i e t y t e s t e d was A . J . 4 , w h i c h was i m p o r t e d f r o m Poland . P l a n t i n g 
was car r ied o u t over two s e a s o n s . The s u m m e r p l a n t i n g was seeded on April 18th 1972, while 
the win te r p l a n t i n g was s e e d e d on December 1s t 1973. Six seeds w e r e p lanted in e a c h hill. 
6(1 days a f t e r p lan t ing , t h i n n i n g to one, two, t h r e e and four p l a n t s p e r hill was c a r r i e d o u t . 
T h e e x p e r i m e n t a l des ign w a s a s t r ip-plo t w i t h three r e p l i c a t i o n s in the s u m m e r p l a n t -
ing and f o u r repl icat ions in t h e win te r sowing. P l o t size was 3 . 0 x 3 . 5 m and each p l o t con-
sisted of r o w s 3.0 m long a n d spaced 50 cm a p a r t . The distance b e t w e e n hills was 20 c m for 
all t r e a t m e n t s . Other c u l t u r a l p rac t ices such a s fer t i l izat ion, i r r i g a t i o n and weed ing were 
conducted in a un i form m a n n e r . All the tes t p l o t s were p lan ted o n a clay loam soil a t the 
Al-Azhar U n i v e r s i t y F a r m n e a r Cairo. 
H a r v e s t i n g dates t e s t e d were 165, 180, 195 a n d 210 d a y s f r o m plant ing. A t h a r v e s t , 
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t he plants f rom e a c h hill were hand d u g , knocked, cor rec t ly topped, c leaned and then weighed 
to give the f resh weight of the roo ts . Samples f rom each plot were t a k e n a t random in o r d e r 
to determine the sucrose content in t h e roots . Total y ie lds of fresh roots a n d sucrose per hec ta re 
were calculated. 
Analysis of variance was ca r r i ed out on the f ie ld and l abora to ry d a t a according t o 
s t a n d a r d procedures for factorial exper iments . 
Fresh roots per hectare. The m e a n weights of f resh roots, in t o n s per hectare, a re 
presented in T a b l e 1. Delaying the h a r v e s t considerably affected the f r e s h root yield in b o t h 
the summer and win te r seasons. H a r v e s t i n g after 210 d a y s f rom plant ing exh ib i t ed the g rea te s t 
increase in yield. 
The ef fec t of the number of p l a n t s per hill on t he yield of fresh r o o t s was s ignif icant 
in summer p l a n t i n g and the h ighes t yield was o b t a i n e d when four p l a n t s per hill were l e f t 
to grow. However , in winter sowing t h e r e was a non-s ignif icant reduct ion in yield as the n u m -
ber of plants pe r hill was increased. 
The i n t e r ac t i on between t he harves t ing da te a n d the number of p l a n t s per hill w a s 
only significant in summer p l an t ing a n d the highest yield of fresh roo ts was observed w h e n 
f o u r plants per hill were grown a n d t h e crop was h a r v e s t e d after 195 d a y s (Table 3). 
I t is e v i d e n t f rom the da t a p resen ted (Table 1) t h a t the average yie lds obtained f r o m 
crops planted in winter were a l w a y s higher t han t h o s e obtained in t h e summer seeding. 
Sugar yield per hectare. T a b l e 2 shows t h a t t he harvesting d a t e bad a s ignif icant 
e f fec t on the suga r yield. In the s u m m e r season, the sugar yield increased as the harves t ing 
t ime was de layed to 195 days f r o m plant ing. F u r t h e r delay in the h a r v e s t i n g date signifi-
can t ly reduced t h e sugar yield. R e s u l t s of the winter season indicated t h a t the yield of s u g a r 
per hectare was increased by de laying t he harvest ing d a t e to 195 days, b u t no fur ther increases 
were observed w h e n the plants were harvested a f t e r 210 days f rom p l an t i ng . 
The n u m b e r of plants per hill significantly a f f e c t e d the sugar y ie ld in both the p l a n t -
ing seasons (Table 2). Increasing t h e number of p l a n t s per hill f rom one t o two plants signi-
f ican t ly increased the sugar yield. However , in s u m m e r planting, no significant increases 
were obtained as the number of p l a n t s per hill was ra ised to three or f o u r plants, whereas 
in winter seeding a significant r e d u c t i o n in the yield of sugar was o b t a i n e d when the n u m b e r 
of p lants per hill was increased to fou r plants. 
The in te rac t ion between t he harves t ing da te a n d the number of p lan ts per hill w a s 
significant (Table 3), indicating t h a t the total yield of sugar per h e c t a r e was influenced b y 
t he two fac tors tes ted . The m a x i m u m sugar yield was achieved in s u m m e r planting w h e n 
four plants per bill were grown a n d harves ted a f te r 195 days. In wInter seeding, the h ighes t 
yield of sugar was obtained when t w o p lants per hill were left to grow a n d then the crop w a s 
harves ted a f t e r 210 days f rom p l a n t i n g . 
Al though the data collected in each plant ing season have been separately ana lysed , 
i t was evident t h a t planting sugar bee t in December (winter season) g a v e relatively h igher 
yields of fresh r o o t s and sugar per h e c t a r e than the Apr i l seeding ( summer season). The resu l t s 
presented s u p p o r t conclusions p rev ious ly reported b y PANTANELLI (1948) and MUSILLAMI 
( 1 9 6 0 ) . 
The w e a t h e r conditions p reva i l ing during the g r o w t h of sugar b e e t , particularly t e m -
p e r a t u r e (BRUMMER 1961), l i g h t i n t e n s i t i e s (DOTZENKO — ARP 1972) a n d d a y - l e n g t h ( Y U N O -
MURA et al. 1962) have a considerable influence on t h e productivi ty of t h e crop. It m a y b e 
presumed t h a t a f t e r the first per iod of growth, in w i n t e r sowing, the t e m p e r a t u r e was m o d e r -
ately increased a n d the days b e c a m e longer, which encouraged the crop photosynthes is . 
On the other h a n d , in April seeding, the decreased yie lds of roots m a y be due to the decrease 
in the ratio of pho tosyn the t i c a c t i v i t y to respiration as t he crop grows u n d e r lower t e m p e r a t u r e 
and shorter d a y s , which gave in fe r io r yields in compar i son to winter p lan t ing . 
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Table 1 
Mean yields of fresh roots, in tons per hectare as affected by harvesting date and number of plants per hill 
N u m b e r 
of p l a n t s 
p e r hill 
S u m m e r plant ing W i n t e r p l an t ing 
D a y s о g r o w t h before ha rves t Days о F g rowth before ha rves t 
165 180 195 210 Mean 165 180 195 210 Mean 
1 10.905 21.467 17.874 29.896 20.036 28.323 43.475 50.094 68.526 47.605 
2 18.801 23.051 29.680 24.935 24.117 28.244 41.956 53.406 65.909 47.379 
3 16.382 22.601 32.138 27.968 24.772 26.089 42.991 49.723 63.945 45.687 
4 13.525 30.141 35.710 30.035 27.353 28.402 43.812 49.999 61.018 45.808 





Mean yields of sugar, in tons per hectare as affected by harvesting date and number of plants per hill 
N u m b e r 
of p lan t s 
per hill 
S u m m e r p l an t ing W i n t e r p lan t ing 
D a y s of g r o w t h before ha rves t D a y s of g rowth before ha rves t 
165 180 195 210 Mean 165 180 195 210 Mean 
1 0.574 2.408 3.013 0.740 1.648 1.478 3.449 3.947 3.395 3.067 
2 1.429 1.339 3.848 1.436 2.013 2.804 3.919 4.059 7.643 4.606 
3 0.871 2.499 4.003 1.332 2.176 1.775 3.233 5.758 5.517 4.071 
4 0.765 1.701 5.045 0.693 2.051 1.886 4.129 4.536 3.634 3.546 
Mean 0.910 1.987 3.977 1.050 1.981 1.986 3.683 4.575 5.047 3.823 
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Table 3 
Analysis of variance for yields of roots and sugar in the two planting seasons 
Source of v a r i a t i o n D . F . 
Summer 
Mean of 
p l a n t i n g 
s q u a r e s D. F. 
W i n t e r planting 
M e a n of squares 
Boot yield S u g a r y ie ld R o o t yield Sugar yield 
Harves t ing dates 3 503.21** 23.99** 3 3829.28** 29.12** 
E r r o r (I) 6 1.48 0.010 9 160.95 1.13 
N u m b e r of plants pe r hill 3 108.15** 0.54** 3 17.02 7.05** 
E r r o r (II) 6 2.62 0.04 9 56.50 0.61 
Н а г . X N. plants in te rac t ion 9 52.59* 1.12** 9 14.27 4.42** 
E r r o r (III) 18 1.22 0 .03 27 79.69 0.43 
* Signif icant a t the 5°,, level of probabili ty. 
** Significant a t t he 1°„ level of probabil i ty. 
I t is recognized, however, t h a t t h e longer the pe r iod the crop s t a y e d in the field, t h e 
h igher the yields of f r e sh roots o b t a i n e d , regardless of t h e planting season (Table 1). Th i s 
could be a t t r ibu ted t o t he fact tha t increases in the yield of the roots are p r imar i ly due to t he 
increased p h o t o s y n t h e t i c products w h i c h the plant s tores in i ts root. Hence , t h e longer period 
of growth tested be fo re harvest a l lowed more time for t h e accumulat ion of such deposits. 
T h e s e f i n d i n g s c o n f i r m r e s u l t s r e p o r t e d b y NÖDA et al. ( 1 9 6 1 ) , HALL - H I L L S ( 1 9 6 2 ) a n d M IAN 
(1966), tha t de laying the harvest inc reased the yield of t h e roots. 
The results o b t a i n e d in this s t u d y concerning s u g a r yield per h e c t a r e show clearly 
t h a t , in summer p l a n t i n g , lengthening t h e growing per iod a t first increased t h e yield of sugar , 
t h e n it declined as t h e t ime of h a r v e s t i n g was delayed to 210 days. The reduc t ion observed 
a t t he latest date of harves t ing adds m o r e support to t he conclusion t h a t t h e low tempera tu re 
a n d short day- length prevailing du r ing t he months of N o v e m b e r and D e c e m b e r in the A r a b 
Republ ic of E g y p t m i g h t have decreased the p h o t o s y n t h e t i c activity a n d therefore reduced 
t he accumulation of sugar in the roo t s . On the other h a n d , the crop p l a n t e d in winter w a s 
sub jec ted to b e t t e r conditions, wh ich encouraged the photosynthet ic ac t iv i ty , and more 
suga r was deposited in the roots as t h e t ime of h a r v e s t i n g was delayed. 
Although t h e e f fec t of seasonal climatic changes on the physiology and morphology 
of t he sugar beet p l a n t a t the var ious per iods of growth would be a very complex study, t h e 
resu l t s obtained sugges t t h a t the e n v i r o n m e n t a l condi t ions prevailing a f t e r plant ing in April 
were unfavourable fo r increasing t h e yields of fresh r o o t s and sugar. B u t winter p lan t ing 
a n d a delayed h a r v e s t i n g time was t h e most suitable fo r achieving the h ighes t yields. 
Planting s u g a r beet in hills r e q u i r e s less seed a n d labour (BROADHEAI) et al. 1963),  
which reduces the expenses of p roduc t ion . On the basis of evidence p roduced during the pres-
e n t investigation, t h e influence of t h e number of p l a n t s per hill and, accordingly , the to ta l 
popula t ion grown p e r hectare on the y ie ld of fresh roo ts a n d sugar d i f fered wi th the growing 
season. Small bee ts were reported b y SCHRÖTER (1965) a s the number of p l a n t s per hill w a s 
increased. Compet i t ion for light a n d nu t r i en t s between p lan t s of the s a m e hill must h a v e 
been the reason for t he production of these smaller bee t s . Since the condi t ions facing t h e 
c rop planted in w i n t e r were in f avou r of larger beets ( T a b l e 1), it is t he re fo re expected t h a t 
compet i t ion be tween p lan t s caused t h e different responses to the growth season. This is in 
ag reement with t he resul t s presented b y LOOMIS—ULRICH (1962) t ha t t h e size of the roo t s 
w a s varied by v a r y i n g the plant ing d a t e . 
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The grea tes t yield of sugar per hectare was achieved when t w o plants per hill we re 
lef t to grow. However , no s ignif icant increases were observed in s u m m e r planting, b u t a 
significant reduc t ion was obta ined in the yield of suga r per hectare when four p l a n t s per 
hill were grown in winter . ULRICH (1959) reported t h a t gross sugar p e r pot increased w h e n 
the number of p l an t s was raised f r o m one to two pe r p o t and the rea f t e r remained r e l a t i ve ly 
cons tan t as the p l an t s per pot were increased to f o u r plants . The r e d u c t i o n in sugar y ie ld 
despite the high yield of roots per hec tare in the w i n t e r sowing wou ld suggest tha t h i g h e r 
amoun t s of sugar m u s t have been consumed by t he p l a n t s through t h e warm nights of t he 
summer months , which the plants were not able to compensate for d u e to the compe t i t i on 
for light as the n u m b e r of p lants per hill was increased . 
I t seems reasonable to conclude t h a t under t h e prevailing env i ronmen ta l cond i t ions , 
the plant ing of sugar beet should be carried out in w i n t e r and the c rop should be h a r v e s t e d 
195 days a f te r p lan t ing . In order to reduce the expenses of product ion , two plants p e r hill 
should be left to grow. 
* 
Prepared a t the Agronomy D e p a r t m e n t , F a c u l t y of Agriculture, Al-Azhar U n i v e r s i t y , 
Cairo. 
M . E . A . H A G G A G , M . H . T . E W E I D A , M. S . O S M A N 
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C H A N G E S C A U S E D BY C A R B A M A T E - T Y P E C O M P O U N D S 
IN T H E E P I C O T Y L T I S S U E S OF B E A N S 
( P H A S E O L U S V U L G A R I S L. CV. K I N G H O R N W A X ) 
C a r b a m a t e - t y p e herbicides have been f o u n d to check to s o m e extent the amylase 
activity, to ac t ant imitot ical ly on t he growing t i p s a n d to inhibit photosynthes i s (SCHNEIDER 
1 9 7 4 , A N O N Y M O U S 1 9 7 1 ) . 
At our i n s t i t u t e the biological activity of a number of c a rbama te - t ype c o m p o u n d s , 
similar to a s u l a m , produced b y t h e C H I N O I N Chemical and Pharmaceu t i ca l W o r k s , was 
studied in v a r i o u s plant species. 
Of t he g r o u p , Asulox* a n d M K F 790 h a d t h e greatest e f fec t on the test p l a n t s a f te r 
pre-emergence application. I t w a s remarkable t h a t in beans — bes ides other s y m p t o m s of 
damage — t h e ex te rna l habi t of t h e epicotyl also changes (becoming thicker and b e n t ) . For 
this reason an intensive analysis of the epicotyl t i ssues was m a d e . 
The b e a n s were sown in a greenhouse in 14 X 12 X5 cm p las t ic po ts filled w i t h washed 
Danube sand , a n d the herbicides (5.9 mg/ml a n d 23.6 mg/ml w a t e r per pot) were sp rayed 
on at the t ime of sowing. Histological observations were made on p l a n t s given the smal le r dose. 
On t he 21s t day af ter t r e a t m e n t test m a t e r i a l from the midd le of the ep ico ty l was 
fixed in a m i x t u r e of formalin—glacial acetic ac id—50% ethanol (90 : 5 : 5), d e h y d r a t e d with 
tertiary bu ty l alcohol and e m b e d d e d in paraf f in . T h e following t r e a t m e n t s were ca r r i ed out 
on 14 p s ec t ions : a) staining w i t h a 1% solution of alcohol—soluble nigrosin, and m o u n t i n g 
in aqueous g lycer ine (KISSER—HALBWACHS 1972); b) staining w i t h r u b e a n e - h y d r o g e n acid 
and mount ing in Canada b a l s a m (KISSER— IIALBWACHS 1972; n igros in does no t s t a in the 
pectine, while i n sections p r e - t r e a t e d with cupr ic sal t the pectine alone turns b lack u n d e r 
the influence of r u b e a n e - h y d r o g e n acid. By the use of these two s t a in ing methods t he qua l i t a -
tive differences in the pectine c o n t e n t can be d e m o n s t r a t e d ) : c) t h e preparat ions were made 
after JENSEN (1962) with the modif ica t ion tha t t h e slides were kep t fo r 8 hours e i ther in 0 . 5 % 
ammonium o x a l a t e solution or in 4 % sodium h y d r o x i d e solution. Sec t ions stained w i t h perio-
dic acid—Schiff (PAS) reagent were mounted in Canada balsam a n d measured c y t o p h o t o -
metrically. F o r the purposes of cy topho tomet ry , sect ions were p r e p a r e d from 5 p l a n t s each; 
the t ransmiss ion of the cell-wall was measured a t 4 points on e a c h of 5 col lenchyma cells 
at 650 nm. 
JENSEN — ASHTON (1960) studied the cell-wall polysaccharides in onion r o o t tips. 
They stained t h e sections wi th P A S reagent. P e r i o d i c acid is k n o w n to oxidize t he p r i m a r y 
and secondary alcohol groups i n t o aldehydes a n d is t h u s suitable fo r the cell-wall t oo (DRING 
1955, JENSEN 1962). Since p e c t i n e and hemicellulose have d i f f e r e n t solubilities, a f t e r the 
extraction of t h e pectine, then of t he hemicellulose, t he staining of t h e cell-wall will be fa in te r . 
Dur ing ext rac t ion , the cell-walls swell. S ince there is a change in the colour in t ens i ty 
of the cell-w all a f t e r the pect ine a n d hemicellulose h a v e been e x t r a c t e d , we wanted to express 
this change numerical ly , t h e r e b y eliminating t h e subject ivi ty of Jensen ' s m e t h o d , where 
photos were t a k e n of the p r epa ra t i ons and t h e n compared. T h e mos t suitable t echn ique 
for our pu rpose seemed to be cy topho tome t ry , u s e d in cytology, w i t h which we m e a s u r e d the 
light t r ansmiss ion of the cell-wall. The m e a s u r e m e n t s were carr ied o u t at 650 n m , because 
it was at t h i s wave-length t h a t transmission in t h e stained control was the most in tensive . 
I t should be n o t e d that the m o u n t i n g medium m a y modify to some ex ten t the place of maxi-
mum t ransmiss ion ; e.g. when po ly vinyl-alcohol is used for m o u n t i n g (GERLACH 1969) the 
colour of t h e preparat ion will be different t h a n w i t h Canada b a l s a m . 
* C o n t a i n i n g 40 per c e n t asulam (methy l - (4 -amino-benzo l - su lphonyl )ca rbamate ) as 
active agent . 
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Fig. 1. Epicotyl cross-section of control b e a n stained wi th rubeane-hydrogen acid ( x 6 3 ) 
Fig. 2. Epicotyl cross-section of Asu lox- t rea ted bean s ta ined with rubeane -hydrogen acid 
( x 6 3 ) 
Asulox and M K F 790 inhibit the g r o w t h of beans to an ex ten t depending on the rate 
of appl ica t ion . This is also reflected in t h e fo rmat ion of the epicotyl tissues. I n t he control 
the conduct ing and suppor t ing tissues are well developed (Fig. 1); in the t r e a t e d plants, 
on t h e o ther hand, t h e development of these tissues is insuff ic ient , while t he pa renchyma 
cells of the cortex and medul la become larger and their cell-walls th inner (Fig. 2). T h e angular 
co l lenchyma of the co r t ex above the large bundles character iz ing the bean p l a n t is missing 
in t h e herbic ide- t reated plants . 
A thorough inves t iga t ion was m a d e into changes in t he components of t h e cell-wall 
(COOK—STODDART 1973) in order to discover whether there was any change in the poly-
sacchar ides of the cell-wall. 
I t was observed t h a t in the angular col lenchyma of t he control bean p l a n t s the pectine 
was f o u n d in the middle lamella and in t he angles (Fig. 3). U n d e r the influence of Asulox and 
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Fig. 3. Epicotyl cross-sect ion of cont ro l bean stained w i t h rubeane-hydrogen acid ( x 3 9 7 ) 
Fig. 4. E p i c o t y l cross-section of control bean s t a ined with PAS ( X 378) 
M K F 790 cell-wall t h i cken ing did not occur . After s taining t h e sections with rubeane-hydrogen 
ac id , blackening was o n l y seen between a d j a c e n t cells, a n d no t in the angles, which suggested 
t h a t pectine was on ly f o u n d in the midd le lamella. 
Figs. 4 and 5 show cross-sections of the epicotyl of the control beans (Fig. 4 shows 
cross-sections s tained when unex t rac ted a n d Fig. 5 shows those stained w i t h PAS reagent 
a f t e r the pectine h a d been extracted) . 
The results of t h e measurements are summarized in Table 1. 
In the control p l an t s the co l lenchyma has deve loped , therefore the cell-wall shows 
a low rate of t ransmiss ion . Under t h e influence of t r e a t m e n t with ca rbama te - t ype com-
p o u n d s , since no cell-wall thickening occur red the t r ansmiss ion of the cell-wall is higher. 
If t h e pectine is e x t r a c t e d , transmission increases, to the g r ea t e s t extent in the control plants . 
F u r t h e r t rea tment w i t h a 4 ° 0 solution of sodium h y d r o x i d e to extract the hemicellulose did 
n o t cause any s u b s t a n t i a l difference in t ransmission. T h u s , different ia t ing s ta in ing and cyto-
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Fig. 5. Ep i co ty l cross-section of control b e a n s ta ined with P A S a f t e r extract ion of t he pectic 
subs t ances ( X 378) 
Table 1 
Transmission values in the collenchyma cells of bean epicotyl 
W i t h o u t 
e x t r a c t i o n 
Transmiss ion values 
Af ter extract ion 
of pectic 
substances 
Af te r extract ion 
of pectic substances a n d 
hemicellulose 
Control 38.5 74.2 73.1 
Asulox 54.0 65.4 71.6 
M K F 790 45.5 63.3 61.1 
LSD at the 5 % level 6.58 
p h o t o m e t r y bo th prove t h a t under the in f luence of Asulox a n d M K F 790 t he a n g u l a r col-
l enchyma fails to develop in the cortex of t h e epicotyl of beans , a n d a change o c c u r s in the 
rat io of cell-wall polysacchar ides . 
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C O R R E L A T I O N S AND F A C T O R ANALYSIS 
O F F O D D E R Y I E L D C O M P O N E N T S I N COWPEA 
Cowpea Vigna unguiculata ( L i n n . ) Walp., syn. V. sinensis (Linn.) Savi. is mos t ly 
u s e d as a grain crop in Africa and the Middle-East , gra in-cum-vegetable or gra in-cum-fodder 
c rop in India, and g r a i n , vegetable, f o r age , and soilbinding crop in North Amer i ca and Aus t ra -
l ia . T h e Indian s u b c o n t i n e n t and Af r i ca have been cons idered as the p robab le centres of 
or ig in of the cowpea (FARIS 1965). Once b r o u g h t under cu l t i va t ion in these reg ions of the world, 
t h e cult ivars fu r the r evolved into d i f f e r e n t eeotypes, d e p e n d i n g on the n a t u r a l and art i f icial 
select ion pressures, app l i ed in favour of the specific u s a g e and a d a p t a b i l i t y of the crop . 
Cul t iva r s from these diverse regions w e r e assembled a t t h i s Insti tute, for use in a breeding 
p r o g r a m m e aimed a t t h e development of high yielding a n d nutr i t ive forage cowpea variet ies. 
W h e n evaluated u n d e r a uniform env i ronmen t , the c u l t i v a r s obtained f r o m these regions 
d i f fe red in fodder y ie ld a n d other p r o d u c t i o n traits (MEHRA et al. 1970). Inter- regional com-
pa r i sons also revealed differences in t h e heritabil i ty and expec ted genetic ga in of the var ious 
f o d d e r yield c o m p o n e n t s (KOHLI et al. 1971). Nothing is k n o w n about the associat ions be tween 
t he various fodder y i e ld components. I n f ac t , informat ion on the nature a n d ex ten t of genetic 
associat ions among t h e various fodder y ie ld components w o u l d help to f o r m u l a t e and improve 
t h e efficiency of t he selection criterion th rough the use of a favourable combina t ion of char -
a c t e r s and also to minimize the a d v e r s e effects of t h o s e characters w h i c h show negat ive 
correlat ions with f o d d e r yield. F u r t h e r m o r e , such i n f o r m a t i o n taken s epa ra t e ly in the d iver-
g e n t genotypes f r o m different agroc l imat ic regions of t h e world would ostensibly express 
t h e stabil i ty of the gene t i c associations of fodder y ie ld w i t h other morphological characters . 
Th i s information w o u l d fur ther help in the choice of t h e material for use as parents in a 
hybr id iza t ion p r o g r a m m e aimed at t he development of su i t ab le varieties possessing a specific 
combina t ion of des i rab le fodder yield components. T h e resul ts of a s t u d y under taken t o 
assess and compare t h e nature and e x t e n t of correlat ions amongst the v a r i o u s fodder yield 
componen t s of cowpea cult ivars o b t a i n e d f rom five d i s t inc t regions of the wor ld are presented 
in th i s paper. 
One hundred a n d f if ty-four cu l t i va r s (Fa r -Eas te rn 16, Indian = 45, Middle-East-
e rn 20, African = 35 and U.S.A. a n d Lat in American 38) were r a n d o m l y selected f r o m 
1072 cowpea cu l t ivars mainta ined a t t h e Indian Grass land and Fodder Research Ins t i tu te , 
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Jhans i . T h e varieties were grown under a u n i f o r m envi ronment in a randomized block design, 
for each region separa te ly , using four repl icat ions each. E a c h v a r i e t y was sown in a single 
row, 3 m long and with d i s tances of 1 m a n d 15 cm respectively be tween the rows a n d plants . 
T h e observations on p lan t characters were recorded on t h r e e randomly selected plants 
of each va r ie ty in each repl ica t ion , as follows; 1. Days to f lower, number of days f r o m plant-
ing to f lowering; 2. P l an t he igh t (cm), measured f rom the g round to the tip of the m a i n s tem; 
3. Main b r a n c h length (cm) , measured f rom the base to the t ip of the best developed p r imary 
b r anch ; 4. Number of p r i m a r y branches, counted on the ma in s tem; 5. Stem g i r t h (cm), 
measured on the thickest in te rnode of t he m a i n s tem; 6. N u m b e r of leaves, c o u n t e d on the 
entire p l a n t ; 7. Green we igh t (g), individual p lan t s weighed immedia te ly af ter t h e ha rves t ; 
8. D r y weight (g), ind iv idua l plants dried a n d weighed. 
T h e analysis of va r i ance , covariance a n d est imates of s imple correlation coeff icients 
were c o m p u t e d (GOULDEN 1954, PANSE — SUKHATAME 1961). T h e environmenta l a n d geno-
typic correlat ion matr ices were subjected to t he centroid me thod of factor analysis (HOLZIN-
GER—HARMAN 1941, MAXWELL 1961), us ing the highest corre la t ion coefficient in e a c h array 
as an e s t ima te of the a r r a y communal i ty (CATELL 1965). 
FISHER'S (1938) Z s ta t is t ics were used for the c o m p u t a t i o n of y2 values for t he test 
of he te rogene i ty of corre la t ion coefficients over the five regions. 
1. Correlation. The phenotypic , geno typ ic and env i ronmen ta l correlation coeff ic ients 
be tween the individual f odde r yield c o m p o n e n t s and also be tween them and t h e fodder 
yield a re presented regionwise separately in Table 1. 
A) Far-Eastern material. The pheno typ ic correlations be tween the eight charac te r s 
s tudied were significant a n d positive, a l though the degrees of such correlations var ied between 
d i f ferent character combina t ions . The geno typ ic correlations be tween these c h a r a c t e r s were 
also posi t ive and high. T h e envi ronmenta l correlat ions between t he different c h a r a c t e r com-
b ina t ions tvere also s ign i f i can t and positive excep t those be tween (i) the days to f lower and 
all o t h e r characters; (ii) t h e p lant height a n d all characters e x c e p t the number of p r imary 
b ranches and number of leaves and (iii) the d ry weight and t he n u m b e r of p r imary branches 
and s t e m girth. 
B) Indian material. Significant and posit ive phenotypic a n d positive g e n o t y p i c cor-
re la t ions were observed be tween all charac te r combinat ions s tud ied , except those be tween 
the n u m b e r of pr imary b r anches and the d a y s to flower, p l an t height and dry we igh t . The 
env i ronmen ta l correlations were also s ignif icant and positive be tween the different charac te r 
combina t ions except those between (i) t he days to flower a n d all other cha rac t e r s except 
the p l a n t height and d ry weight and (ii) the p lan t height and the number of p r ima ry branches 
and s t e m girth. 
C) Middle-Eastern material. The pheno typ ic and env i ronmenta l cor re la t ions were 
most ly significant and posi t ive between all character combina t ions studied e x c e p t those 
involving the plant he igh t . At the genotypic level, while the correlat ions be tween all char-
acter combinat ions were posi t ive and mos t ly high, the p lant he igh t was negatively correlated 
with t h e number of p r i m a r y branches, s t em gi r th , number of leaves, green weight a n d dry 
weight . Similarly, the env i ronmen ta l correlat ions of the p l an t he ight were s ign i f ican t and 
posi t ive wi th the main b r a n c h length, s tein g i r th and dry weight . 
D) African material. The phenotypic correlat ions were s ignif icant and posi t ive between 
all cha rac t e r combinat ions s tudied except those between (i) the number of p r i m a r y branches 
and the days to flower a n d p lan t height a n d (ii) the stem girth a n d the days to f lower a n d main 
b ranch length . The geno typ ic correlations were high and posi t ive in all combinat ions between 
the d a y s to flower, p l an t he igh t , main b r a n c h length , number of leaves, green weight a n d dry 
weight . The number of p r i m a r y branches was also correlated positively a t the genotypic 
level w i t h the days to f lower , main b ranch length , number of leaves and green we igh t . The 
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Table 1 
Phenotypic (P), genotypic (G) and environmental (E) correlation coefficients among 
eight characters in cowpea cultivars from different regions 
Correlation coe f f i c i en t s in cultivars f r o m 
C h a r a c t e r 
combina t ions* Fa r -Eas t I n d i a M i d d l e - E a s t Afr ica Amer ica 
1 2 3 4 5 
1 2 P 0.4153** 0.5267** 0.0275 0.3196** 0.3001** 
G 0.7745 0.9079 0.3846 0.5827 0.6746 
E 0.0919 0.2574** 0.1577 0.2034* 0.2031* 
1 3 P 0.6929** 0.4518** 0.5068** 0.4614** 0.5189** 
G 1.0071 0.8499 0.4971 0.7946 0.7258 
E 0.1695 0.1836 0.5242** 0.2835** 0.4325** 
1 4 P 0.5197** 0.1030 0.3940** 0.9400** 0.3696** 
G 0.9629 0.1647 0.6389 0.8297 0.3718 
E 0.0114 0.0825 0.2744* 0.0254 0.3712** 
1 5 0.3903** 0.2800** 0.4793** 0.0372 0.3948** 
G 0.6436 0.5673 0.7257 0.0658 0.7430 
E 0.0589 0.0796 0.3533** 0.0990 0.2561 
1 6 P 0.6698** 0.3546** 0.4396** 0.4188** 0.5136** 
G 1.0004 0.8040 0.3777 1.0984 0.5132 
E 0.0500 0.1409 0.4636** 0.1553 0.5174** 
1 7 P 0.6752** 0.3619** 0.4966** 0.3801* 0.5161** 
G 1.0105 0.8402 0.8088 0.8537 0.7334 
E 0.0361 0.1420 0.3936** 0.1570 0.4451** 
1 8 P 0.7268** 0.5587** 0.7103** 0.5382** 0.6197** 
G 1.0335 0.9605 1.0574 1.1316 1.0655 
0.2081 0.3596** 0.6392** 0.3167* 0.5191** 
2 3 P 0.5213** 0.6685** 0.1794** 0.3908** 0.4410** 
G 1.0176 0.8931 0.0333 0.4018 0.3624 
E 0.1210 0.4493** 0.2900* 0.3877** 0.4930** 
2 4 P 0.5247** 0.0409 0.1001 0.0531 0.2257* 
G 0.8545 0.0288 0.2989 0.0862 0.0278 
E 0.3142* 0.0803 0.0514 0.0512 0.3138** 
2 5 P 0.4264** 0.3740** 0.1222 0.2676** 0.3410** 
G 0.6696 0.5540 0.1299 0.1767 0.1871 
E 0.2611 0.1927 0.3489** 0.3235** 0.5220** 
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C h a r a c t e r 
c o m b i n a t i o n s * 
Correlat ion coef f ic ien ts in cul t ivars f r o m 
M i d d l e - E a s t A m e r i c a 
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Table 1 continued 
C h a r a c t e r 
c o m b i n a t i o n s * 
Corre la t ion coef f ic ien ts in cu l t ivars f rom 
F a r - E a s t I n d i a Midd le -Eas t Af r ica A m e r i c a 
1 s 2 « 4 5 
4 7 P 0 . 8 2 3 2 " 0.4167** 0.7775** 0.4251** 0.7762** 
G 0.8806 0.2147 1.0424 0.3940 0.8483 
E 0.7917** 0.4842** 0.6774** 0.4643** 0.7522** 
4 8 P 0.6254** 0.1842 0.6272** 0.3356** 0.6090** 
G 1.0216 0.1192 1.0130 0.1557 0.7124 
E 0.2126 0.2089* 0.5447** 0.3741** 0.5980** 
5 6 P 0.4523** 0.5778** 0.4598** 0.3318** 0.6503** 
G 0.5824 0.8718 0.5159 0.0542 0.5633 
E 0.2978* 0.4051** 0.4441** 0.4808** 0.6945** 
5 7 P 0.6373** 0.6888** 0.6095** 0.4403** 0.7884** 
G 0.6735 0.9088 0.6918 0.3512 0.8285 
E 0.6096** 0.5758** 0.6068** 0.4987** 0.7776** 
5 8 P 0.4342** 0.5329** 0.6185** 0.3707** 0.5690** 
G 0.7077 0.7415 0.8073 0.1045 0.6593 
E 0.1203 0.4057** 0.6255** 0.5124** 0.5608** 
6 7 P 0.8673** 0.7629** 0.8004** 0.7069** 0.8605** 
G 0.9613 0.7974 0.8768 0.9106 0.8843** 
E 0.7000** 0.7486** 0.7758** 0.6298** 0.8570** 
6 8 P 0.7293** 0.5914** 0.7349** 0.7179** 0.7438** 
G 1.0115 0.8663 0.6337 0.9112 0.8804 
E 0.2805** 0.4675** 0.7774** 0.6564** 0.7278** 
7 8 P 0.7899** 0.7272** 0.8399** 0.7497** 0.8320** 
G 1.0698 0.9777 0.9654 1.0490 0.7851 
E 0.3388** 0.6182** 0.8205** 0.6397** 0.8512** 
* Characters 1 to 8 denote: 1. d a y s to f lower, 2. p l an t height , 3. main b r a n c h l eng th , 
4. n u m b e r of p r imary branches , 5. s t em g i r th , 6. n u m b e r of leaves, 7. green weight a n d 8. dry 
we igh t . 
* Significant a t 5 % level. 
** Significant a t 1 % level. 
g e n o t y p i c correlations were positive be tween the s tem gi r th and the dry weight a n d negat ive 
b e t w e e n the s tem g i r t h and the main b r anch length . The env i ronmenta l correlat ions in all 
comb ina t i ons be tween the main b r a n c h length, n u m b e r of p r ima ry branches , s t e m gir th , 
n u m b e r of leaves, g reen weight and d ry weight were s ignif icant and posit ive. The p l a n t height 
was correlated s igni f icant ly and posi t ively a t the env i ronmen ta l level wi th all o t h e r char-
ac t e r s except the n u m b e r of p r i m a r y branches. Signif icant and positive env i ronmen ta l 
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correlat ions were also observed between the d a y s to flower and t h e main branch l eng th and 
dry weight . 
E ) American material. Significant a n d positive p h e n o t y p i c and env i ronmen ta l cor-
relations were observed in all possible combina t ions between t h e characters s t ud i ed . The 
genotypic correlations b e t w e e n all character combinations e x c e p t those involv ing height 
were mos t ly high and posi t ive . High and pos i t ive genotypic corre la t ions were also observed 
between the p lan t height a n d the days to f l ower , main branch l e n g t h and dry we igh t . 
The X2 test of he te rogene i ty of corre la t ion coefficients i nd i ca t ed he te rogene i ty for 4 
pheno typ ic and 16 e n v i r o n m e n t a l correlations over the fixe reg ions . The r ema in ing correla-
tion coeff ic ients (24 p h e n o t y p i c and 12 env i ronmenta l ) being homogeneous, t he i r average 
correlat ion values were o b t a i n e d and they were all significant (Table 2). 
T h e heterogenous p h e n o t y p i c correlat ion coefficients b e t w e e n (i) days to f lower and 
number of p r imary branches (ii) main b r a n c h length and n u m b e r of primary b r a n c h e s and 
(iii) main b r anch length and green weight were all significant a n d of similar m a g n i t u d e among 
the F a r - E a s t e r n , Middle-Eas tern and American materials and diss imilar between t he African 
and Ind i an materials (Tables 1, 2). The corre la t ion between the n u m b e r of p r i m a r y branches 
and s tem gi r th was of c o m p a r a b l e magni tude a n d significant b e t w e e n all the reg ions except 
Africa. Whi le the first (i) correlat ion was insignif icant and nega t i ve in the I n d i a n , it was 
highly s igni f icant and posi t ive in the African mater ia l (Table 1). The second (ii) correlation 
was ins ignif icant and low a n d the third (iii) correlation was s ignif icant and compara t ive ly 
low in t he Afr ican and I n d i a n materials as c o m p a r e d to those of t he other regions (Table 1). 
Ou t of the 28 p h e n o t y p i c correlation coefficients worked ou t , the Af r i can material 
differed significantly in 17 a n d 11 cases a n d t he Indian in 11 a n d 12 cases f r o m the Far-
Eas te rn a n d Middle-Eastern mater ia ls , respect ively . The F a r - E a s t e r n and American materials 
differed significantly a m o n g s t themselves in two cases only. 
A t the environmenta l level, the associa t ions of plant h e i g h t with all o the r characters 
were homogeneous. The m a j o r i t y of the r ema in ing character associa t ions were heterogeneous , 
over the f ive regions. The env i ronmenta l corre la t ion coefficients of the American materials 
differed significantly f rom the Far -Eas te rn , I n d i a n and Afr ican materials in 10, 18 and 15 
cases, respect ively. The I n d i a n and African materials , however , differed only in one case 
(leaf n u m b e r — dry weigh t ) o u t of 28 possible character cor re la t ion coefficients studied. 
2. Factor analysis. Centroid factor analysis , using t h e environmental correlat ion 
matrices, revealed tha t in t he materials f rom all regions, only one common causat ive influence 
(factor) could be ex t rac ted , t o explain the inter-correlat ions of t h e fodder yield components , 
since t he coefficients in t he res idual matrices were too low to a l low for the e x t r a c t i o n of more 
factors (Table 3). In the absence of an es tab l i shed method for t e s t i n g the significance of the 
factor loadings , we arbi t rar i ly selected a level of 0.3 as the lowest l imi t of the i m p o r t a n t factor 
loadings (SOKAL—DALY 1961). The factor load ings on all c h a r a c t e r s were pos i t ive in each 
regional mater ia l . The f a c t o r loading on t h e days to flower w a s less than 0.3 in the Far-
Eas te rn a n d Indian mater ia ls , while those on t h e remaining c h a r a c t e r s , in all regional materials, 
were more t h a n 0.3. F u r t h e r m o r e , in all r eg iona l materials, t h e f ac to r loadings o n t he main 
branch l eng th , stem gi r th , n u m b e r of leaves a n d green weight were more t h a n 0.5. 
F a c t o r analysis, us ing t he genotypic correlat ion matr ices , however, revealed t h a t two 
factors in the Middle-Eastern material a n d one factor in t he remaining regional materials 
could be ex t rac ted (Table 4). I n the F a r - E a s t e r n , Indian, A f r i c a n and American materials, 
the f ac to r loadings on mos t of the characters were more than 0.7 , a n d those were all positive. 
I n t he Middle-Eastern material , f ac to r 1 affected the p l a n t height negat ive ly and the 
remaining characters pos i t ive ly . The posi t ive loadings on t h e different cha rac t e r s ranged 
from 0.7 to 1.0, the m a x i m u m being in the d r y weight, followed b y those on t h e number of 
p r imary branches and green weight. Fac tor 2 affected the n u m b e r of primary b r a n c h e s and 
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Table 2 
X~ values for the test of heterogeneity in 28 phenotypic (P) and environmental (E) 
correlation coefficients, average P and E correlation coefficients and significance 
of the difference between correlation coefficients in different inter-regional 
comparisons 
C h a r a c t e r 
combination 
X2 
v a l u e 
A v e r a g e 
c o r r e l a t i o n 
coe f f i c i en t s 
Significance of t h e difference be tween r eg ions for P and E 
correlation c o e f f i c i e n t s of d i f ferent c h a r a c t e r combinat ions 
AB AC A D A E 
ВС B D B E CD CE D E 
1 2 P 
E 
4 . 2 4 6 4 
0 . 9 6 4 0 
0 . 3 6 2 7 * * 
0 . 2 0 7 0 
* * 
1 3 P 
E 
8 . 3 3 3 8 
8 . 8 3 0 6 
0 . 5 0 8 0 * * 
0 . 3 1 8 5 * * X X X 
1 4 P 
E 
6 4 . 7 4 1 6 * * 
9 . 7 1 8 5 * 
— 
* * * 
X 




1 5 P 
E 
3 . 7 5 4 0 
4 . 8 3 9 0 
0 . 3 0 0 4 * 
0 . 1 6 8 4 * 
* * * 
1 6 P 
E 
2 . 2 9 5 3 
1 8 . 2 4 9 9 * * 
0 . 4 5 4 2 * * * * 
X X X X 
1 7 P 
E 
2 . 6 1 1 0 
1 1 . 4 8 8 2 * 
0 . 4 6 2 1 * * * * 
X X 
1 8 P 
E 
1 . 7 0 9 0 
8 . 3 5 3 2 
0 . 2 2 6 0 * * 
0 . 4 2 1 9 * * X 
* 
X X X 
2 3 P 
E 
5 . 9 8 6 9 
6 . 4 7 1 5 
0 . 4 9 3 0 * * 
0 . 4 0 5 3 * * X 
* * * 
2 4 P 
E 
5 . 3 3 9 2 
6 . 8 1 8 1 
0 . 1 8 8 7 * 
0 . 1 5 9 5 * 
* * * * 
X 
2 5 P 
E 
1 . 1 2 9 8 
8 . 8 0 4 6 
0 . 3 1 8 5 * * 
0 . 3 4 5 2 * * X 
2 6 P 
E 
4 . 7 0 6 0 
7 . 2 5 9 4 
0 . 4 2 1 9 * * 
0 . 3 5 4 0 * * 
* * * * * * 
2 7 P 
E 
0 . 7 6 1 1 
7 . 2 6 7 1 
0 . 4 3 8 2 * * 




2 8 P 
E 
3 . 0 1 0 7 
4 . 2 2 0 9 
0 . 4 7 7 7 * * 
0 . 3 9 6 9 * * 
* * * * 
3 4 P 
E 
1 5 . 9 2 6 6 * * 
2 7 . 7 3 9 7 * * 
— 






3 5 P 
E 
1 9 . 5 1 6 3 * * 










3 6 P 8 . 3 1 6 2 0 . 6 8 5 8 * * * * * * * 
E 3 0 . 9 7 6 5 * * 
— X X X X X X 
3 7 P 
E 
9 . 1 0 9 8 
7 . 5 6 4 8 
0 . 7 3 5 2 * * 
0 . 6 2 9 1 * * 
• * * 
X 
* * * 
X 
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Significance of the difference between regions for P and E 
correlation coefficients of different character combinations 
coefficients A B AC AD AE ВС B D B E CD CE D E 
3 8 P 3.3077 0.6963** * * • * 
E 43.5350** — X X X X X X 
4 5 P 4.5855 0.4382* * * * * 
E 14.5394** — X X X 
4 6 P 1.2573 0.6527** * • * • * 
E 15.2434** — X X 
4 7 P 13.4887** — * * * * * * 
E 17.1260** 
— X X X X X 
4 8 P 8.4419 0.4400** * * * * 
E 18.4421** — X X X X 
5 6 P 3.5643 0.5227** * 
E 24.1488** — X X X X X 
5 7 P 6.2976 0.6584** * * * 
E 118.4444** — X X X 
5 8 P 1.7757 0.5080** * 
E 27.5856** — X X X X 
6 7 P 2.4762 0.8110** 
E 3.4146 0.7531** X X X 
6 8 P 2.8934 0.6911** * # 
E 38.4356** — X X X X X 
7 8 P 1.8108 0.7857** * 
E 56.5380** 
— 
X X X X X X X X 
* Signi f ican t at 5 % level . 
** Signif icant at 1% level . 
* Differences in p h e n o t y p i c correlation coeff ic ients s ignif icant be tween regions. 
X Dif ferences in e n v i r o n m e n t a l corre la t ion coefficients s ign i f i can t between regions. 
A, B. C. D , E denote F a r - E a s t e r n , Indian, Midd le -Eas te rn , Afr ican a n d American m a t e r i a l s , 
respectively. 
Charac te rs 1 to 8 as deno ted in Table 1. 
the dry we igh t negatively, b u t t h e remaining cha rac t e r s positively. T h e loadings of f a c t o r 2 
were high (0.6) on the p lant he igh t and low (0.02 to 0.3) on the o t h e r characters. D i f f e r e n t 
methods h a v e been used for t h e est imation of t h e communali t ies (THURSTONE 1947). I n th is 
s tudy, the e s t ima ted communal i t i es were a d e q u a t e for drawing the conclusions since t h e f i r s t 
two fac tors together accounted for 89.8% ( fac to rs 1 and 2 a c c o u n t e d for 79.2 a n d 10.6, 
respectively) of the total communal i t i es in the geno typ ic correlation m a t r i x . Factors 1 a n d 2 
had a high negat ive association wi th each o t h e r (Table 4). 
The ob jec t of this s t u d y was to assess a n d compare the n a t u r e and extent of correla-
tions be tween the different c o m p o n e n t s of fodder yield amongst 154 cowpea varieties belong-
ing to f ive d i f ferent geographical regions of the world . At tempts were also made (i) to com-
pare the m a g n i t u d e of such correlat ions be tween mater ia ls front d i f f e r e n t regions a n d (ii) to 
unders tand the causative in f luences (factors) responsible for the obse rved correlations b e t w e e n 
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Table 3 
Cenlroid factor matrix of eight characters for environmental correlation matrix in cou pea 
cultivars from different regions 
C o m m o n f a c t o r c o e f f i c i e n t s in cu l t iva rs f r o m 
C h a r a c t e r s * F a r - E a s t 
F a c t o r 
1 
I n d i a 
F a c t o r 
1 
A f r i c a 
F a c t o r 
1 
A m e r i c a 
F a c t o r 
1 
M i d d l e - E a s t 
F a c t o r 
1 
i 0 . 1 6 8 0 . 2 9 3 0 . 3 0 0 0 . 5 2 1 0 . 6 1 5 
2 0 . 4 4 0 0 . 4 3 9 0 . 5 2 3 0 . 5 6 1 0 . 3 3 1 
3 0 . 7 3 1 0 . 7 5 9 0 . 6 5 8 0 . 8 8 8 0 . 6 8 3 
4 0 . 8 0 3 0 . 4 3 8 0 . 5 1 8 0 . 7 9 0 0 . 6 8 3 
5 0 . 5 9 5 0 . 6 1 4 0 . 6 1 0 0 . 7 8 9 0 . 7 1 7 
6 0 . 7 6 1 0 . 7 8 9 0 . 7 8 5 0 . 9 0 6 0 . 7 8 0 
7 0 . 8 8 0 0 . 8 5 4 0 . 7 7 6 0 . 9 4 5 0 . 8 6 8 
8 0 . 4 3 6 0 . 7 2 5 0 . 8 3 9 0 . 8 5 9 0 . 9 1 4 
* Charac te r s 1 to 8 as d e n o t e d in Table 1. 
Table 4 
Centroid factor matrix of eight characters for genotypic correlation matrix in coupea 
cultivars from different regions 
C h a r a c t e r s * 
C o m m o n f a c t o r coef f ic ien t in c u l t i v a r s f r o m C o m m u n a l i t y 
F a r - E a s t 
F a c t o r 
1 
I n d i a 
F a c t o r 
2 
A f r i c a 
F a c t o r 
1 
A m e r i c a 
F a c t o r 
1 
M i d d l e 
F a c t o r 
1 
E a s t 
F a c t o r 
2 
Or ig ina l C a l c u l a t e d 
i 0 . 9 7 7 0 . 8 6 7 0 . 9 6 9 0 . 8 8 9 0 . 7 3 9 0 . 3 3 7 1 . 0 0 0 0 . 6 6 1 
2 0 . 9 3 2 0 . 8 6 2 0 . 7 1 4 0 . 3 6 2 0 . 1 6 2 0 . 6 6 1 0 . 3 8 4 0 . 4 6 4 
3 1 . 0 0 5 0 . 8 7 9 0 . 8 1 9 0 . 9 3 3 0 . 7 7 6 0 . 2 5 1 0 . 7 7 9 0 . 6 6 5 
4 0 . 9 6 0 0 . 2 8 9 0 . 6 3 4 0 . 7 7 7 0 . 9 9 5 0 . 1 4 1 1 . 0 0 0 1 . 0 1 0 
5 0 . 7 3 0 0 . 8 6 1 0 . 1 2 4 0 . 7 1 0 0 . 8 0 1 0 . 0 2 3 0 . 8 0 7 0 . 6 4 2 
6 0 . 9 5 5 0 . 9 3 2 0 . 9 9 7 0 . 8 9 5 0 . 8 0 6 0 . 2 9 8 0 . 9 7 6 0 . 7 3 9 
7 0 . 9 7 9 0 . 9 4 5 1 . 0 0 9 0 . 9 0 6 0 . 9 9 2 0 . 0 2 0 1 . 0 0 0 0 . 9 8 4 
8 1 . 0 0 5 0 . 9 6 1 0 . 9 1 5 0 . 9 9 9 1 . 0 3 0 0 . 1 2 9 1 . 0 0 0 1 . 0 7 9 
Tota l contribu-
tion of factor 5 . 5 0 . 7 
% of total 7 9 . 2 1 0 . 6 
original com-
munali ty 
Factor correla- 0 . 8 7 5 9 
t ion 
* Charac te r s 1 to 8 as d e n o t e d in Table 1. 
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the c h a r a c t e r s studied. An unders tanding of these aspects, i t was felt , would be he lp fu l in 
a be t t e r p lann ing and execu t ion of a selection programme for improv ing the fodder produc-
tion c h a r a c t e r s , since select ion for one cha rac te r is likely to resul t in progress for all posi t ively 
corre la ted characters b u t in regression for all negatively corre la ted characters . Th i s s t udy 
revealed t h a t , in a world germplasm collection of cowpea, t he genotypic and pheno typ ic 
correlat ions between the va r ious fodder p r o d u c t i o n characters were significant and posit ive, 
barr ing a few character combina t ions in ce r t a in regional mater ia l s . 
In ter- regional compar i son of 28 p h e n o t y p i c correlat ion coefficients, using Fisher ' s 
Z s ta t i s t ics , also revealed t h a t 24 of t h e m were homogeneous a n d their average correla t ion 
coefficients were significant . However, 4 o t h e r correlation coefficients were he terogeneous , 
indica t ing t h a t perhaps a d i f ferent type of genet ic system was a t work, in so f a r as these 
charac ter correlations were concerned in t he mater ia l f rom d i f fe ren t regions. I n f a c t К о н ы 
et al. (1971) have also obse rved differential var iabi l i ty of these characters when compared 
between t h e five regional mater ia l s . Most of t h e env i ronmenta l correlat ion coefficients be tween 
the d i f f e r e n t characters, e x c e p t the days to f lower and p lan t he ight , reached the po in t of 
significance a t p - 5 or 1 per cent, indica t ing t h a t the env i ronmen t also exer ted a common 
influence on the expression of such charac te rs . An inter-regional comparison of 28 environ-
mental correlat ion coeff ic ients revealed t h a t 16 of them were heterogeneous, ind ica t ing a 
d i f ferent ia l effect of the e n v i r o n m e n t on c h a r a c t e r s involving such correlations. High environ-
mental inf luence would l imi t the response to selection for specific characters since inter-
e n v i r o n m e n t a l genetic s l ippage would be considerable be tween the different genera t ions of 
eva lua t ion and selection (DICKERSON 1955) a t different locat ions and mater ials . 
S ince high genotypic and significant phenotyp ic posi t ive correlations were mostly 
observed in all possible combinat ions be tween the main b r anch length , number of p r imary 
branches , s t e m girth, n u m b e r of leaves, green weight and dry weight in all regional mater ia ls , 
we a s s u m e t h a t such corre la t ions were due to a common genet ic background ac t ing in the 
same d i rec t ion on these charac te rs . It may , however , be poin ted out t ha t caut ion should be 
observed in selection p r o g r a m m e s using cha rac t e r s whose correla t ion coefficients ( b o t h pheno-
typic a n d envi ronmenta l ) showed he terogenei ty among mater ia l s f r o m different regions. The 
factor ana lys i s , however, conf i rmed tha t on ly one common f ac to r could explain the observed 
high corre la t ions between these characters . T h e factor loadings, based on b o t h genotypic 
and env i ronmen ta l corre la t ion matrices, fo r these characters were also high in all regional 
mater ia ls . Thus , in order t o make an i m p r o v e m e n t in the fodder yield in cowpea, emphas is 
should be laid on increasing the main b r a n c h length , number of p r ima ry branches , s t em gir th 
and n u m b e r of leaves. Ill f a c t , the high e s t i m a t e s of her i tab i l i ty , accompanied b y the high 
genetic a d v a n c e of the q u a n t i t a t i v e t ra i t s , enab le plant breeders to base their selection pro-
g r a m m e on the pheno typ ic performance of such characters (JOHNSON et al. 1955). KOHLI 
et al. (1971) reported r ea sonab ly high he r i t ab i l i t y and genetic advance (as a pe rcen tage of 
the m e a n ) for the main b r a n c h length, n u m b e r of leaves and green fodder weight in cowpea. 
This w o u l d suggest t h a t m o r e emphasis shou ld be placed on the improvement of t he inain 
b ranch l e n g t h and the n u m b e r of leaves as compared to o the r characters , for improv ing the 
fodder y ie ld in cowpea. 
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I 
R E S U L T S A N D P R O B L E M S O F C H E M I C A L W E E D C O N T R O L 
F O R W H E A T I N H U N G A R Y 
According t o CRAMER (1967) 2 3 . 9 % of the w o r l d p r o d u c t i o n of w h e a t (85.5 mil l ion 
t o n s ) is des t royed b y var ious a n i m a l p e s t s , diseases a n d weeds even t o d a y . Losses t h u s c a u s e d 
a r e 39.0% in A f r i c a , 27.0% in As ia a n d Sou th A m e r i c a , 24 .0% in t h e Sov ie t Union a n d 
C h i n a and 19.7% in E u r o p e . Of t h e losses 5% are c a u s e d by an imal pes t s , 9 . 1 % b y diseases 
a n d 9.8% by w e e d s . T h e above p e s t s a re regular e x p l o i t e r s of w h e a t p r o d u c t i o n in H u n g a r y 
t o o . In H u n g a r y t h e e x t e n t of losses m a i n l y d e p e n d s on t h e wea the r cond i t ions . In y e a r s 
w i t h favourab le w e a t h e r condi t ions o r w i t h a r a t h e r d r y spr ing the d a m a g e does no t exceed 
t h e European a v e r a g e . In r a iny y e a r s , on t he o ther h a n d , t h e y are more se r ious , due m a i n l y 
t o funga l diseases , h a r v e s t i n g losses a n d a n increased weed g rowth . I n 1970 a n d 1975, f o r 
e x a m p l e , the n a t i o n a l whea t yield a v e r a g e was lower b y 5.8 a n d 5.5 q / h a , respec t ive ly , t h a n 
in t h e previous y e a r . 
According t o ÚJVÁROSI (1951) in 1947 32 .5% of t h e w h e a t a rea w a s occupied b y 
w e e d plants , a n d i t w a s not a mere a c c i d e n t t h a t t h e yield average w a s t h e n on ly 8.4 q / h a . 
UBRIZSY (1968) — t h e pioneer of c h e m i c a l weed c o n t r o l in H u n g a r y — e s t i m a t e s the losses 
c a u s e d by weeds t o be 15%. Th i s p e r c e n t a g e is still t oo h igh . The p re sen t p a p e r is i n t e n d e d 
t o con t r ibu te to t h e reduc t ion of d a m a g e caused b y weeds . 
Meteorological data. A k n o w l e d g e of the mos t i m p o r t a n t meteoro log ica l f ac to r s ( t e m -
p e r a t u r e , p r e c i p i t a t i o n ) is a p r e c o n d i t i o n for a be t t e r u n d e r s t a n d i n g of t h e w h e a t p r o d u c t i o n 
r e s u l t s in H u n g a r y a n d the e x p e r i e n c e s a n d p r o b l e m s of chemica l weed c o n t r o l in w h e a t . 
W e th ink it n e c e s s a r y , therefore , to p r e s e n t exac t d a t a on these f ac to r s (Tab les I, 2 and 3). 
The t e m p e r a t u r e d a t a p r e s e n t e d fu l f i l the r e q u i r e m e n t s of successful w h e a t growing. 
T h e a m o u n t of p r e c i p i t a t i o n also sa t i s f i e s t he d e m a n d s of e f f i c ien t w h e a t p r o d u c t i o n , t h o u g h 
r a n g e is cons ide rab le . In the l o w l a n d s , for i n s t ance , t h e a n n u a l p r e c i p i t a t i o n is a b o u t 
500 m m , while o n c e r t a i n areas in t h e wes t of H u n g a r y i t m a y exceed 800 m m . 
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Table 1 
Trends in temperature and precipitation averages 
(Budapest, 1901-1950) 
Months 
I I I I I I IV V V I V I I 
Temperature , °C — 0.8 1.1 6.2 11.4 16.8 19.9 21.9 
Precipitat ion, m m 39 39 43 52 69 67 50 
M o n t h s A n n u a l 
V I I I I X X I X I I 
a v e r a g e 
Temperature . °C 21.1 16.9 11.2 5.3 1.3 11 
Precipi tat ion, m m 48 45 54 61 50 617 
Table 2 
Temperature maxima and minima measured over 50 years 
(Budapest, 1901-1950) 
Months 
I I I I N IV V V I V I I 
Maximum, °c 15.1 18.0 25.4 30.2 32.4 39.5 38.4 
Minimum, °c - 2 1 . 7 - 2 3 . 4 - 1 3 . 6 - 4 . 2 
1 
0.0 3.0 8.9 
M o n t h s A n n u a l 
m a x . a n d 
rain. V I I I I X X X I X I I 
Maximum, °c 39.0 35.2 30.8 22.6 15.7 39.5 
Minimum, °c 7.0 1.2 9.5 - 1 3 . 2 -19 .1 - 2 3 . 4 
Table 3 
Serial data on precipitation (1871- 1950) 
M o n t h s I I I I I I IV V V I V I I V I I I I X X I X I I Y e a r 
Keszthely (Transdamibia. Wes t e rn Hungary) 
Average, m m 33 32 40 56 73 73 71 75 61 65 57 44 680 
Maximum, m m 82 113 149 172 167 145 242 203 135 164 135 124 1098 
Minimum, m m 0 0 2 4 11 9 11 10 1 7 6 2 390 
Debrecen (Grea t Hungarian P l a i n , Eastern H u n g a r y ) 
Average, m m 31 29 36 45 62 72 64 59 45 56 51 41 591 
Maximum, m m 105 81 100 146 127 170 246 156 145 138 142 117 874 
Minimum, m m 2 0 3 6 7 20 5 6 3 5 0 2 342 
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Table 4 
Wheat yield averages and NPK fertilizer active agent 
utilization in Hungary (1961 1975) 
Year 
N P K 
a c t i v e agent , 
kg /ha 
C r o p a rea , 
hu 
Yield a v e r a g e , 
q / h a 
1961 989,018 19.3 
1962 V- 1,092,134 17.9 
1963 — 969,191 15.6 
1964 — 1.110,821 18.5 
1965 75 1.082,000 21.7 
1966 96 1,070,935 21.6 
1967 112 1,159,135 25.9 
1968 132 1,326,889 25.9 
1969 153 1,319,625 27.1 
1970 175 1,015,242 21.3 
1971 201 1,270,358 30.7 
1972 233 1,319,000 31.0 
1973 250 1,294,038 34.8 
1974 260 1,324,000 37.5 
1975 270 1,300,000 32.0 
1976 275 1,300,000 38,8 
BACSÓ (1966) uses the geographical s i tuat ion of Hungary to e x p l a i n this wide s c a t t e r -
ing. Hungary is unde r the in f luence of a tmospher ic currents coming a t t imes f rom the con-
t inent (Soviet Union) , a t t imes f r o m the At lant ic , a n d occasionally f r o m the Med i t e r r anean 
Sea. This is t h e cause of the v a r i a b l e nature of H u n g a r y ' s climate a n d of the wide a n n u a l 
range. 
For t he reasons ment ioned above the n u m b e r of hours of sunsh ine also changes f r o m 
year to year. I t s values range f r o m 1800 to 2000 h o u r s a year. 
Not on ly does the wea the r change from y e a r to year , but the soils are also d ivers i f ied 
in Hungary. T h e r e are che rnozem- type soils h ighly sui table for w h e a t product ion; good a n d 
had quality s a n d s occupy a cons iderable area, a n d var ious types of fo re s t soil, meadow c l a y , 
pea t and even alkali soils are also found. 
Trend of yield averages. T h e whea t yield averages are p resen ted on the basis of d a t a 
published b y KOLTAY- BALLA (1975). The yield averages of more t h a n three-quar te rs of 
the past c e n t u r y (80 years) are n o t given in de ta i l , because they d i d not show s ign i f i can t 
changes dur ing th i s period. Never the less , smaller or larger f luc tua t ions d id occur as a r e sponse 
to weather. D u r i n g the 80 yea r s t h e yield averages of wheat were: 
1870—1900 7.2—12.3 q/ha 
1900 1925 9.6 13.7 q/ha 
1925 - 1950 8 . 4 - 16.7 q/ha 
1950—1960 11.8 - 1 7 . 0 q/ha 
At the beginning of the s ix t ies a decisive c h a n g e occurred in w h e a t production. Since 
then, with some f luctuat ions , t h e yield averages h a v e rapidly inc reased , as shown b y t h e 
detailed d a t a in Table 4. 
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The t ab l e reveals t ha t compared to the y ie ld averages be tween 1900 and 1950 t h e yield 
has more t h a n doubled. On t h e basis of yield ave rages Hungary is now placed f i f t h in the 
world among countr ies with a w h e a t area of o v e r 1 million hec t a re s . This is mos t ly d u e to 
the following c i rcumstances : 
1. P r o d u c t i o n of var ie t ies superior to t h e earlier ones (RAJKI 1959, 1960, 1964,  
L E L L E Y 1 9 7 1 ) . 
2. Cul tu ra l practices b e t t e r t han those u s e d previously (KEMENESY 1959, LÁNG 1965). 
3. M e c h a n i z a t i o n of w h e a t g r o w i n g ( B U R J Á N — KURUCZ 1 9 6 6 ) . 
In add i t i on to the above , the data of T a b l e 4 also show the yield f luctuat ions . I n this 
respect the yield decreases obse rved in 1970 a n d 1975 are w o r t h y of special a t t e n t i o n . An 
account of t he causes has a l r eady been given: w e e d s are responsible for some of t h e losses. 
This quest ion w ill therefore be thoroughly dea l t w i t h below. 
Major weed plants of wheat in Hungary. A f t e r the end of Wor ld War I I , Ú J V Á R O S I 
(1951, 1966, 1973), ÚJVÁROSI et al. (1973a) made a nat ional survey of weeds. From t h e resul ts 
he establ ished t h a t at tha t t ime 297 weed species a t t acked the w h e a t s tands, and 50 of t h e m 
caused serious damage . The l a t t e r represented 8 5 % of the total w e e d coverage. I n o r d e r of 
impor tance t he most f requent species were: 
Convolvulus arvensis L. , Cirsium arvense (L . ) Scop., Chenopodium album L . , Stachys 
annua L., Centaurea cyanus L . , Agropiron repens (L.) P. В., Consolida regalis S. F . Gray, 
Papaver rhoeas L. , Sinapis arvensis L., Polygonum spp. , Ambrosia elatior L., Anagallis arven-
sis L., Rubus caesius L., Matricaria spp., Apera spica-venti (L.) Р . В., Lepidum draba L., 
Lathyrus tuberosus L., Sonchus arvensis L., Galium aparine L., Capsella bursa pastoris (L.) 
Medic., Cannabis sativa L., Alopecurus myosuroides Huds. , Avena fatua L., Lamium s p p . , etc. 
As r ega rds their d i s t r ibu t ion the weed species mentioned showed terri torial hetero-
geneity. 
According to the inves t iga t ions made b y UBRIZSY (1971), owing to changed cul tura l 
practices, and main ly because of the regular app l i ca t i on of hormone-based herbicides, r emark -
able changes h a v e occurred in t he weed species, par t iculai ly since t he sixties. The fol lowing 
species have been pushed in to the background: Agrostemma githago L., Papaver rhoeas L., 
Centaurea cyanus L., Sinapis arvensis L., Raphunus raphanistrum L. , etc. Weed species re-
sistant to ce r ta in herbicides, on the other h a n d , a r e spreading a n d becoming more a n d more 
of a problem. Such species a re : Galium aparine L. , Polygonum convolvulus I,., Stellaria media 
(L.) Cyr., Veronica spp., Lamium spp., Apera spica-venti (L.) P. В . . Alopecurus myosuroides 
Huds. , Avena fatua L., etc. A p a r t f rom Ubrizsy m a n y other H u n g a r i a n authors ( Ú J V Á R O S I 
1966, SZILÁGYI 1971, KÁDÁR 1971, KÜKEDI 1973, 1974, 1975a, 1975b) have also g iven an 
account of t he changes t h a t h a v e taken place in t h e weed species. Detailed i n f o r m a t i o n on 
the subject can be obtained f r o m foreign a u t h o r s too (BADEMACHER 1962, 1963, 1968, 1970, 
H A N F 1 9 6 8 , K U R T H 1 9 6 8 , 1 9 7 4 , A M M O N 1 9 7 1 , 1 9 7 4 , N A Y L O R 1 9 7 2 , A R L T F E Y E R A B E N D 
1972 , N E U R U H R E R 1961, 1 9 7 5 ) . 
Possibilities of control. I n Hungary crop ro t a t i on and p l a n t tending ope ra t ions were 
earlier used to protect the crops f rom weeds. However , with t h e increased rat io of cereal 
forecrops t he s t r ic t rules of c rop rotation h a v e become increasingly difficult t o observe . 
Tradi t ional weeding operat ions canno t be carr ied o u t , partly due t o the labour s h o r t a g e and 
par t ly for economic reasons. 
For th i s reason theoret ical and practical e x p e r t s carried o u t a search for chemica l weed 
control m e t h o d s suitable for t he present condi t ions . In Hungary invest igat ions of t h i s na tu re 
were s t a r t ed b y UBRIZSY (1957, 1962) i m m e d i a t e l y after World W a r II. However , in his 
opinion chemical weed control on a farm-scale o n l y began in H u n g a r y in 1954. Since favour -
able results were obtained, herbic ides are be ing used on an eve r increasing area. I n 1970 
87 % of the w h e a t area of s t a t e fa rms was a l r e a d y treated with t h e m (KACSÓ 1971). 
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Fig. l. Avenu fatua L. in wheat 
Fig. 2. Apera spicn venti (L . ) P . B. in wheat 
In the s a m e year on the co-opera t ive farms th i s propor t ion was 6 0 % . In 1975 herb ic ides 
were used for weed control over 1.1 million ha, 8 5 % of the total w h e a t area of H u n g a r y 
(ANONYMOUS 1975). Earlier the s o d i u m salt of 2,4-D (Dikonir t ) and D i k o t e x 40 con t a in ing 
MC PA as active a g e n t were mos t ly used . For some y e a r s Sys 67 MA, a herbicide con ta in ing 
t h e same active a g e n t (MCPA), h a s also been avai lable . Against d icotyledonous , non- res i s tan t 
weed plants these herbicides can be used efficiently. D i k o t e x 40 with M C P A as active a g e n t 
is a particularly popu la r herbicide, s ince it is cheap, e a s y to handle, a n d i ts phytotoxic e f f e c t 
is low even u n d e r unfavourable w e a t h e r conditions. Res i s t an t d ico ty ledonous weed species , 
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Fig. 3. Polygonum convolvulus L. in w h e a t 
on the o ther hand, c a n n o t be killed with t he above herbicides. Therefore on a r e a s infected 
by t h e m Aniten-M con ta in ing flurenol + MCPA, Ani ten-D containing f l u r eno l + 2,4-D, 
Banvel M containing D i c a m b a + MCPA as act ive agents, a n d Gabonil, which is similar to 
the l a t t e r , are used. K e r o p u r with MCPA + benazolin as ac t ive agent was successful ly applied 
in expe r imen t s against c e r t a in resistant dicotyledonous weed species. 
In connection wi th Banve l M, and par t icular ly with Gaboni l , it should be mentioned 
t h a t in cer ta in cases — depend ing on the w e a t h e r — they are h igh ly phytotoxic. T h e possible 
damage , however, can be substant ia l ly r e d u c e d if the t ime of spraying is cor rec t ly chosen 
and the instructions are s t r ic t ly observed. 
Matricaria chamomilla L., Polygonum spp. and m a n y o t h e r resistant d icotyledonous 
weed species can be successful ly controlled b y using Faneron , which contains b romophenoxy 
active agen t , and other m e m b e r s of the F a n e r o n family. I n o u r experiments a combinat ion 
of F a n e r o n + Dikotex 40, which has a wider range of ac t ion a n d is cheaper t h a n Faneron, 
was eff ic ient ly used. 
Th i s herbicide combina t i on has t he advan tage of des t roy ing Cirsium arvense (L.) 
Scop, a n d Lepidum draba L. too, two weed p l a n t s f requent ly occur r ing in H u n g a r y . In experi-
ments carried out at M a r t o n v á s á r sa t i s fac to ry results were ob ta ined with B r o m i n a l and 
Brominal plus, but these herbicides are n o t y e t available in Hungary . 
Of the resistant monocoty ledonous weeds Alopecurus myosuroides H u d s . and Apera 
psica venti (L.) P. B. are bes t controlled b y Dicuran 80 c o n t a i n i n g chlor toluron as active 
agent . I t has the a d v a n t a g e of acting on m a n y dicotyledonous weed species as well . 
Avena falua L., a weed plant r ap id ly spreading in H u n g a r y , can he e l imina ted by 
using Suf f ix and Bidisin fo r t e (active agen t s : benzoylpropethyl a n d ch lorphenprop-methyl , 
respect ively) . 
Diff icul t ies in chemical weed control fo r wheat 
1 . Economic efficiency. According to U B R I Z S Y ( 1 9 6 2 ) a n d G I M E S I ( 1 9 6 9 ) a y ie ld surplus 
of 2—3 q /ha can be expec t ed f rom the herb ic ides under any c i rcumstances . In t h e f i r s t fifteen 
years the chemical weed con t ro l of wheat d id result in the e x p e c t e d yield surp lus . However, 
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d u e t o improved c u l t u r a l practices — i n c l u d i n g regular he rb i c ide a p p l i c a t i o n — on cer ta in 
a r e a s t h e weed c o v e r a g e has been r e d u c e d . I n such p laces n o t only can a y i e l d increase n o t 
b e e x p e c t e d , b u t e v e n a yield decrease m a y occur, w h i c h m a k e s the e c o n o m i c eff iciency of 
h e r b i c i d e app l ica t ion ques t ionab le . On t h e bas is of chemica l weed control e x p e r i m e n t s carr ied 
o u t a t M a r t o n v á s á r , KÜKEDI (1971, 1973 , 1975a) r epo r t ed a s l ight yield d e c r e a s e as a response 
t o he rb ic ide a p p l i c a t i o n . I n expe r imen t s c a r r i e d out by HORNIG (1971), SCHUSTER—SCHREINER 
( 1 9 7 3 ) and GARBURG (1974) in the G e r m a n Federal R e p u b l i c t he yield also dec r ea sed in cer-
t a i n cases. There is a n increasing n u m b e r of f a rms in H u n g a r y , too, where i n well developed, 
c losed s tands , w i t h o u t t o o m a n y weeds , t h e herbicides do n o t give yield s u r p l u s e s . I t is there -
f o r e m o r e and m o r e d i f f i cu l t to decide u p o n the necess i ty of herbicide a p p l i c a t i o n . 
2. Phytotoxic effect. As early as t h e f i f t i e s , B E R E N D — P O D I I R A D S Z K Y ( 1950 ) and B E R E N D 
(1956) repor ted on t h e close r e l a t i onsh ip between t he p h y t o t o x i c e f fec t of herbic ides a n d 
t h e wea the r . This r e l a t i o n s h i p could a l so b e d e m o n s t r a t e d in weed kill ing e x p e r i m e n t s per -
f o r m e d a t M a r t o n v á s á r . I n our e x p e r i m e n t s Dikonir t , D i k o t e x 40, F a n e r o n , F a n e r o n mul t i , 
K e r o p u r and B r o m i n a l p lus caused no d a m a g e in 1974 w h e n t he spring w a s f a v o u r a b l e , while 
in t h e r a iny year of 1975 all except D i k o t e x 40 showed a p h y t o t o x i c e f f e c t a n d — in addi -
t i o n — reduced t h e y ie ld . Similar o b s e r v a t i o n s were r e p o r t e d — par t ly b e f o r e our experi -
m e n t s — by RADEMACHER (1962, 1963 , 1970), MAAS (1968 , 1970a, 1970b , 1972), MAAS — 
PESTEMER (1975 ) a n d HORNIG ( 1 9 7 1 ) . 
3. Varietal sensitivity. On the b a s i s of e x p e r i m e n t s conduc ted in t h e G e r m a n Federa l 
R e p u b l i c BACHTHAUER ( 1 9 7 1 ) a n d K E E S ( 1 9 7 5 ) r e p o r t e d o n d i f f e r e n c e s i n h e r b i c i d e s e n s i t i v i t y 
b e t w e e n the va r i e t i e s . N o signif icant d i f f e r ence in h e r b i c i d e sensit ivi ty e i t h e r visible o r 
s h o w n in the yield h a s been found so f a r be tween t h e v a r i e t i e s included in o u r expe r imen t s 
( B e z o s t a y a 1, A v r o r a , M v 2, Száva, e t c . ) . On the o t h e r h a n d , the i n f l u e n c e of wea ther is 
a l w a y s felt unde r o u r condit ions. I t is possible t h a t t h e n e w varieties will s h o w differences 
in herb ic ide t o l e r a n c e . 
4. Resistance. W e e d species r e s i s t a n t to certain h e r b i c i d e s have a l r e a d y b e e n spoken of . 
O u r experiences in t h i s field agree p e r f e c t l y with t h o s e ob t a ined in c o u n t r i e s nor th -wes t 
a n d wes t of H u n g a r y , t hough these p r o b l e m s arose ea r l i e r there , due t o ear l ie r herbicide 
a p p l i c a t i o n . The r i c h exper iences g a i n e d b y the W e s t e r n coun t r i e s in t h i s f i e l d can thus be 
wel l uti l ized and t h e r e s i s t an t weeds successfu l ly kil led i n Hunga ry . 
5. Damage caused by treading. I n t h e case of s p r a y i n g in the field — espec ia l ly in r a i n y 
w e a t h e r — d a m a g e c a u s e d by t r e a d i n g c a n n o t he a v o i d e d . I m p r o v e m e n t i n t h i s respect is 
e x p e c t e d f rom t h e inc reas ing n u m b e r of aeroplanes a n d hel icopters u s e d in p l a n t p ro tec -
t i o n work . 
Research t a s k s and practical work 
According t o NAGY— JERMY ( 1 9 7 6 ) the tasks of r e s e a r c h are: " R e g u l a r s tudy of t h e 
t r a n s f o r m a t i o n of t h e weed flora a n d e a r l y ident i f ica t ion of n e w aggressive species . E x a m i n a -
t i o n of the a p p e a r a n c e of herbicide r e s i s t a n t forms w i t h i n t h e weed species. 
Inves t iga t ion i n t o the au t eco logy a n d physiology of t h e most i m p o r t a n t weed species 
w i t h the view of d e v e l o p i n g new t y p e herbic ides a n d a n t i d o t e s . 
E x a m i n a t i o n of a n inter- a n d in t r a spec i f i c c o m p e t i t i o n with a v i ew t o more ra t iona l 
h e r b i c i d e a p p l i c a t i o n . " 
Agr icu l tu ra l i s t s also have the i r t a s k s . In the f u t u r e —- even more so t h a n a t present — 
c h a n g e s in weed spec i e s mus t be t a k e n in to cons ide ra t ion and the r o u t i n e appl ica t ion of 
h e r b i c i d e s avo ided . 
Nowadays , a b a s i c r equ i r emen t f o r herbicide a p p l i c a t i o n is to s u r v e y t h e weed species 
a n d weed n u m b e r i n e a c h plot before s p r a y i n g , because i t is only on t h i s b a s i s t h a t we c a n 
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decide whether herbicide application is necessary at all, and if so, which of the herbicides 
would be the most suitable. 
For economic and other reasons chemical weed control in well developed, closed, 
weedless wheat stands should be considered more thoroughly than is now the custom. In per-
fec t ly weedless stands chemical weed control is unnecessary. Fields in need of herbicide 
treatment, on the other hand, should be sprayed at the optimum t ime with the greatest 
possible care. 
Finally, what conclusions can be drawn from more than 20 years of chemical weed 
control on wheat in Hungary? According to the results and experiences obtained so far the 
herbicides have fulfil led our expectations. On weedy areas they have increased the yields 
and reduced both the weed growth and the losses of nutrient and water due to weed plants. 
Credit can also he given to herbicides for facilitating mechanical harvesting. With their help 
grain drying has become quicker because the crop contains less impurity. Again, such crops 
are easier to clean owing to the smaller number of weed seeds contained in them. 
The results thus tip the balance in favour of herbicides, but the successful protection 
of crops from weeds is — and will a lways be — based on careful cultural practices, comple-
mented by skilfully conducted chemical weed control. 
* 
Prepared at the Agricultural Research Institute of the Hungarian Academy of Sciences, 
Martonvásár. 
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UTILIZATION OF DIETARY N I T R O G E N BY GROWING LAMBS 
The proper evaluation of dietary protein is one of the most important problems in 
feeding animals. It is well known that the util ization of dietary protein is maximal at low 
levels of intake. When the intake of protein exceeds the requirement, the efficiency of util iza-
tion decreases rapidly. 
Despite the fact that nitrogen balance trials may not provide accurate absolute esti-
mates, it is generally agreed that they do provide relative measurements of the eff iciency of 
nitrogen utilization. 
Nitrogen metabolism in ruminants differs from that in non-ruininants (JUHÁSZ 1965).  
Utilization of protein in ruminants is determined largely by the ammonia formation in the 
rumen and by the concentration of urea in the blood. CHALMERS — SYNCE (1954) reported 
that the extent of ruminai ammonia formation is considered to be responsible for the dif-
ferences found in the value of the protein. While blood urea is commonly considered to be 
a metabolic waste product of protein catabolism, PRESTON—PFANDER (1963) stated that 
blood urea nitrogen was directly proportional to the dietary protein level. Later in 1965,  
PRESTON el al. (1965) indicated that the protein s tatus of the lamb can be at least partially 
assessed by the concentration of blood urea nitrogen. 
The object of this experiment is to study the effect of different levels of dietary protein 
on nitrogen retention, ruminai ammonia and blood urea concentration in relation to the pro-
tein requirement of growing lambs. 
Feeding of experimental animals. Twelve castrated Hungarian-Merino lambs were 
used in this experiment. At the beginning of the experiment the lambs were about 3 months 
old and weighed 20 kg. They were randomly divided into four groups, every group contain-
ing three animals. Four different levels of dietary protein in pelleted mixed rations (13.8, 
16.5, 19.5 and 23.5 per cent) were fed to the first, second, third and fourth group, respectively. 
Cotton seed cake and linseed meal were used w ith corn and barley in different ratios to obtain 
the desired different protein levels. The mixed ration was supplemented with the v i tamin 
and mineral mixture required for growing lambs. The chemical composition of the mixed 
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Table 1 
Percentage of the chemical analysis of the mixed ration 





ex trac t 
Crude 
fiber A s h 
Gross energy 
(kcal/g) 
First group 90.92 13.84 5.00 3.44 4.26 4.42 
Second group 90.88 16.48 5.54 5.28 4.50 4.64 
Third group 90.86 19.50 6.23 5.50 5.20 4.71 
Fourth group 90.60 23.50 6.35 6.15 5.70 4.80 
ration is shown in Table 1. Concentrates with wheat straw were fed twice a day at a feeding 
level near ad libitum. The quant i ty of food mixture consumed was the same for every group. 
All animals had free access to water , salt licks during the whole experiment (143 days). T h e y 
were healthy and their feces were examined for parasitic infection and were found free. 
Nitrogen balance studies. Two animals from each group were penned in metabol ic 
cages for the collection of excreta samples. Feces and urine were collected separately a t 24 
hr intervals for 8 successive days . Total introgen was determined b y the Macro—Kjeldahl 
method. 
Ammonia in the rumen. Rumen liquor was taken by a polythene stomach tube for 
ammonia nitrogen determination using Nessler-reagent as follows: 1 ml rumen liquor w a s 
deproteinized b y 2 ml trichloroacetic acid. After centrifugation 0,5 ml of the supernatant 
was diluted with 4,5 ml distilled water, the dilution was dependent upon the ammonia 
concentration in the rumen liquor. 4 ml of Nessler-reagent were added to 1 ml of the di luted 
sample just before estimation directly in a Pulfrich-photometer using an S43 filter (JUHÁSZ — 
S Z E G E D I 1 9 6 5 ) . 
Urea in the blood plasma. Blood samples from the jugular vein were also taken parallel 
with the rumen samples. Urea was determined in the blood plasma using the diacetyl-
monoxime (DAMO) method according to JUHÁSZ — SZEGEDI (1965) as follows: 0.1 ml blood 
plasma, diluted with 1.5 ml distil led water was added to 1.4 ml 10 per cent trichloroacetic 
acid. After centrifugation 1 ml of the deproteinized solution was added to 1 ml DAMO solu-
tion (1 per cent in 5 ml acetic acid) plus 4 ml acid mixture (60 ml II 2 S0 4 -J- 240 ml H 2 0 +  
22 ml perchloric acid). It was heated in a water bath strongly boiling for 25 minutes in stop-
pered test tubes. Readings of extinction were taken in a Pulfrich-photometer using an 
S47 filter. 
The rumen and blood samples were taken three times through the whole experiment 
at intervals of 45, 86 and 143 days. Each time the samples were collected before feeding; 
3 and 6 hr after feeding. 
Statistical analyses were carried out according to SNEDECOR (1953). 
Nitrogen balance. As shown in Table 2 the nitrogen retention (g/day) increased w i t h 
increasing nitrogen intake. At the same time the nitrogen retention: i.e. percentage of intake , 
did not increase, but even decreased with increasing nitrogen intake. 
Although the digestible nitrogen intake ( D N I ) was higher in the second, third a n d 
fourth groups than in the first one, the mentioned D N I for the first group was found to be 
adequate for growing lambs. MAHMOUD (1972) did not find any significant increase in l ive 
body weight b y increasing the protein level up to 13.8 per cent in the lambs' rations. These 
results agree fairly well with those obtained by SCHELLING et al. (1967). They showed no 
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Table 2 
Feed intake, nitrogen retention and digestibility for the different groups 
Group and N o . of animal 
First Second 
25 28 average 38 115 average 
Dry matter intake 
(g/day) 1192 1189 1191 1217 1188 1203 
Dry matter digesti-
bility % 75.2 72.2 73.7 66.8 70.7 68.8 
N intake (g/day) 25.43 25.33 25.41 32.03 31.56 31.79 
Urinary N (g/day) 3.08 5.10 4.09 6.70 5.14 5.92 
Fecal N (g/day) 6.54 6.90 6.72 8.62 8.36 8.49 
N retention (g/day) 15.81 13.39 14.60 16.71 18.06 17.39 
N retention (% of 
intake) 62.1 52.7 57.4 52.1 57.2 54.7 
Digestible N intake 
(g/day) 18.87 18.48 18.68 23.38 23.19 23.29 
Initial l ive weight 
(kg)* 31.5 36.5 37.2 31.5 
Final l ive weight 
(kg)* 32.5 37.5 38.5 38.5 
Group a n d N o . of animal 
Third F o u r t h 
58 59 average 8 5 91 average 
Dry matter intake 
(g/day) 1220 1210 1215 1164 1158 1161 
Dry matter digesti-
bility % 66.6 67.2 66.9 65.9 65.4 65.7 
N intake (g/day) 36.79 36.62 36.71 42.36 42.36 42.36 
Urinary N (g/day) 7.82 7.88 7.85 9.74 11.58 10.66 
Fecal N (g/day)' 9.72 9.62 9.67 10.49 9.73 10.11 
N retention (g/day) 19.25 19.12 19.19 22.13 20.96 21.55 
N retention (% of 
intake) 52.3 52.2 52.3 52.2 49.4 50.8 
Digestible N intake 
(g/day) 27.04 26.99 27.02 31.85 32.57 32.21 
Initial l ive weight 
(kg)* 29.8 33.5 30.5 30.8 
Final l ive weight 
(kg)* 31.5 34.5 31.5 31.5 
* Weight of animals before and after 8 days collection period. 
significant differences in the average daily gain of lambs fed four dietary protein levels (13.5,  
16.2, 18.9 and 21.6 per cent) . 
A significant posit ive correlation was found between D N I and urinary nitrogen 
(r = 0.966, P < 0.01). The regression line is illustrated in Fig. 1. Moreover it could be 
noticed from Table 2 that the fecal nitrogen also increased with increasing the level of dietary 
protein. 
As shown in Table 2, it was interesting to note that the dry matter digestibility decreased 
from 73.7 to 65.7 per cent wi th increasing nitrogen intake from 25.41 to 42.36 g/day. SMITH 
et al. (1960) reported that when the total nitrogen content of the ration of lambs increased 
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1.0 
1.0 1.2 1,4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 
Digestible N intake 
(g/kg Wa73per day) 
Fig. 1. Relationship between urinary n i trogen excretion ( y ) and digestible n i trogen intake (x) 
( Y = 0 . 4 4 8 Л ; — 0 . 3 2 6 ) 
k g W ' 3 = metabolic l ive weight (86 d a y s feeding) 
f r o m 1.5 to 2.0 per cen t it did not a f fec t the retention of absorbed nitrogen, b u t significantly 
decreased the d iges t ib i l i ty of organic m a t t e r and crude f iber. 
Ruminai ammonia and blood urea concentration. A s shown in Table 3, the ammonia-N 
concentrat ion in r u m e n liquor was genera l ly increased b y increasing the leve l of protein in 
t h e r a t i o n . This is i n accordance w i t h t h e results of MOIR -HARRIS ( 1 9 6 2 ) a n d ELLIOT— 
TOOPS (1964). The la t t er investigators s t a t e d that high apparent requirements of digestible 
n i t rogen were as soc ia ted with relatively high ruminai ammonia levels, b u t the latter were 
n o t considered to b e the cause of h igh requirements. MOIR—HARRIS (1962) found that the 
l eve l of ammonia accumulat ion in the r u m e n decreased consistently as the f o o d nitrogen was 
reduced . They added tha t at the lowes t levels of intake 2.5 m/day, there w a s frequently no 
measurable a m m o n i a present in the r u m e n . 
Table 3 
Mean" concentration of ammonia-N (mg/100 ml) in rumen liquor for different groups 
First group Second group Third group Fourth group 
45 (lays feeding 
86 days feeding 
143 days feeding 
1 8 . 1 ± 2 . 3 2 F T 1 0 . 5 + 0 . 0 1 2 7 . 7 ± 5 . 3 9 
1 9 . 8 ± 3 . 7 7 2 2 . 0 ± 3 . 2 0 2 4 . 3 ± 2 . 2 0 
2 6 . 4 ± 9 . 1 2 3 3 . 6 ± 8 . 3 2 
6 8 . 2 ± 1 2 . 9 8 
3 7 . 7 ± 2 . 0 7 
4 2 . 4 ± 2 . 6 1 
a
 Mean of t h r e e animals, average of two determinat ions 3 and 6 hours after feeding 
for each animal. 
' Standard error. 
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Table 4 
Meana concentration of urea in blood plasma (mg/100 ml) for different groups 
Firs t group S e c o n d group T h i r d group F o u r t h group 
45 days feeding 41.4 ± 1.21b 41.2 ± 3.22 63.2 ± 4.34 80.1 ± 4.35 
86 days feeding 45.1 ± 6.11 60.9 ± 6.88 74.7 ± 3.39 88.7 ± 6.41 
143 days feeding 
— — 
46.8 ± 2.52 59.2 ± 3.05 67.4 ± 4.10 
a
 Mean of three animals, average of two determinations 3 and 6 hours after feeding 
for each animal. 
Standard error. 
Table 5 
Analysis of variance of ammonia-N in rumen liquor and urea 
in blood plasma as affected by different groups 
Source of 
variat ion D F 
Mean s q u a r e 
A m m o n i a - N Urea 
45 days feeding Groups 3 878.99** 396.91** 
Error 8 93.76 14.20 
Total 11 
86 days feeding Groups 3 80.40 14.28** 
Error 8 11.96 1.46 
Total 11 
143 days feeding Groups 2 82.72 111.27* 
Error 6 62.64 11.94 
Total 8 
* P < 0.05 
** P < 0.01 
After 45 and 86 days feeding, significant differences were found in the ruminai ammo-
nia-N concentration for the different groups. However, after 143 days feeding, the differences 
were not statistically significant (Table 5). 
After 45 days feeding very high ruminai ammonia-N concentration was found in the 
fourth group (68.2 mg/100 ml) as compared with the first group (18.1 mg/100 ml). There 
was a possibility of a slight toxic reaction due to the high level of ammonia in the rumen in 
the fourth group which may have resulted in the poor utilization of nitrogen. 
B y increasing the protein level in the ration, the urea concentration in the blood plasma 
was increased (Table 4). As shown in Table 5, significant differences were found in the blood 
plasma as affected by the different levels of dietary protein. 
A significant positive correlation was found after 45 days feeding between nitrogen 
intake (N1) and urea in the blood plasma (P < 0.05: r = 0.966). After 86 days feeding a 
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h i g h l y significant correlation was o b t a i n e d (P < 0.01; r = 0.999). A l though aininonia-N 
in the rumen increased by increasing N 1 , the correlation between them was found to be non-
s ignif icant . These resul ts mean that b lood urea is a more accurate indicator of the N1 level 
t h a n the ruminai a inmonia-N concentrat ion. LEWIS (1957) , reported that changes in the diet 
l e a d to different l eve l s of blood urea concentration w h i c h can be correlated with the dif-
f e r e n t ruminai a m m o n i a concentrations. Iiis results also showed that under a given feeding 
r e g i m e the concentration of blood urea in the sheep w a s constant and directly related to 
prote in intake. JUHÁSZ (1965) found t h a t in ruminants the amount of accumulated ammonia 
present in the rumen liquor was d e p e n d e n t on the actual level of blood urea. 
A close relationship, using growing finishing l ambs , was found b y PRESTON et al. 
( 1 9 6 5 ) between b lood urea nitrogen a n d N1. They stated that blood urea nitrogen in excess 
of 10 ing/100 ml w o u l d indicate adequate protein intake w i t h the type of ration fed in their 
experiments . In the present study t h i s value was 21 mg/100 ml. However, LEIBHOLZ — COOK 
( 1 9 6 7 ) observed a decrease in the concentrat ion of urea in the blood p lasma of lambs starved 
for 1 — 3 weaks w h e n compared w i t h the control fed animals. 
As mentioned previously, the l ive body gain did not increase by increasing the dietary 
prote in up to 13.8 per cent in the l a m b s ration. MCDONALD (1969) reported that when the 
d ie t had a higher protein content a n d the nitrogen was available to the animal in excess of 
i t s requirement the excess of nitrogen w a s converted main ly to urea and the blood urea nitro-
g e n was high. This explains why t h e cycle of urea nitrogen in the third and fourth groups 
confers no benefit for the animal. 
The results of this study could be confirmed hy the work of SOMERS (1961) who found 
t h a t the difference in urea metabol i sm at high and low nitrogen intakes was well shown b y 
t h e injection of urea into the blood stream. At high nitrogen intake, the urea is promptly 
excreted in the urine, but at low ni trogen intake, nitrogen is retained in the body and a 
negat ive nitrogen balance may be converted to a pos i t ive nitrogen balance . 
A large a m o u n t of nitrogen retent ion (more than 14 g N per d a y ) was found in the 
nitrogen balance experiments compared with the dai ly weight gain. As shown in Table 2, 
the live weight of the animals did n o t increase by increasing the nitrogen retention. The losses 
o f nitrogen during balance trials were investigated b y several workers. The results obtained 
b y N E I I R I N G ( 1 9 5 7 ) , M U L L E R et al. ( 1 9 6 0 ) a n d COSTA ( 1 9 6 0 ) w e r e r e v i e w e d b y D U N C A N ( 1 9 6 6 ) .  
Cumulative nitrogen balances o b t a i n e d suggested higher retentions of nitrogen than were 
revealed hy carcass analysis. There w a s no loss of n i trogen on the lower protein intake, b u t 
o n the higher there was a systematic loss. The magnitude of the positive balance was directly 
related to the n i trogen intake. False positive balance of nitrogen occurs on ly when the nitro-
g e n intake is in excess of the requirement. 
As shown in the present work , h y lower levels of nitrogen intake more reliable results 
for nitrogen balance, as an indicat ion of live weight gain, were obtained. So the live weight 
gain was not comple te ly responsed b y the nitrogen retention. 
The endogenous nitrogen circulat ion was higher in those groups which received higher 
levels of dietary protein; i.e. the accumulation of a large amount of a m m o n i a in the rumen 
a n d a high concentration of urea in the blood plasma. A substantial a m o u n t of retained nitro-
gen is also required for wool product ion. Moreover, as explained b y BAINTNER (1972), in 
special organs of the animals, a part of the nitrogen in the form of non-protein-nitrogen is 
also found. However , BRENT et al. (1961) stated that the wide variability of the per cent nitro-
gen retained b e t w e e n individual l a m b s of any given rat ion indicated t h a t nitrogen retention 
m a y not be an accurate measurement for the evaluat ion of the rations. 
It is conc luded that the n i trogen balance combined with the determination of am-
monia in the r u m e n and urea in t h e blood plasma is qui te a good indicator for the evaluat ion 
of dietary protein for growing l a m b s (JUHÁSZ 1965). 
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A L K A L O I D SPECTRUM O F S E E D L I N G S A N D R E P R O D U C T I V E O R G A N S 
I N SOME P O P P Y (PAPAVER S O M N I F E R U M L.) V A R I E T I E S 
Poppy breeding work h a s been carried on in our department for the last 28 years, 
always keeping in mind the interests of the Hungarian pharmaceutical industry and public 
food supply. W i t h the collaboration of a number of research workers four improved poppy 
varieties were produced during this period. Two of them, SB-morphine poppy (SÁRKÁNY 
DÁNOS 1957, SÁRKÁNY et al. 1959) and BC-2 hybr id poppy, were included in commercial 
production in I960 and 1970, respectively, after they had been given state certif ication 
( S Á R K Á N Y — S Á R K Á N Y - K I S S — V E R Z Á R - P E T R I 1 9 6 6 , S Á R K Á N Y — D Á N O S — S Á R K Á N Y - K I S S 1 9 7 1 ) . 
Our p o p p y breeding trials have since been completed with phenological, morphological, 
cyto-histological and phytochemical analyses. In the course of our investigations we studied 
the relation be tween alkaloid formation and t issue structure, on the one hand in seeds and 
s e e d l i n g s ( S Á R K Á N Y et al. 1 9 6 6 , S Á R K Á N Y — M I C H E L S - N Y O M Á R K A Y — V E R Z Á R - P E T R I 1 9 6 7 , 
S Á R K Á N Y - M I C H E L S - N Y O M Á R K A Y - V E R Z Á R - P E T R I 1 9 7 0 , S Á R K Á N Y - M I C H E L S - N Y O M Á R K A Y -
GRACZA 1972, M. NYOMÁRKAY 1965, 1970a, 1970b) , on the other in reproductive shoots , 
that is, in f lowers and buds (SÁRKÁNY M. NYOMÁRKAY—GRACZA 1974). We have arrived 
at the conclusion that in mer i s t em tissues alkaloids can be demonstrated in spite of the 
absence of primordial laticiferous vessels. So we theoretically agree with ILYIN (1966) and 
FAIRBAIN - PATTERSON (1966), w h o regarded the alkaloids as sources of energy at that stage 
of development. 
This opinion was conf irmed by the high alkaloid content of anthers found in the 
f l owers d u r i n g o u r i n v e s t i g a t i o n s (SÁRKÁNY—NYOMÁRKAY — GRACZA 1974) . 
Keeping in view the results obtained so far w e started further investigations and studied 
13 or 14 variet ies from our p o p p y variety collection, grown at the Biological Station of the 
University at Göd. We compared the alkaloid spectrum data obta ined for the vegeta t ive 
organs of 3, 5 and 7 day old seedl ings kept in Petri dishes at room temperature under illumi-
nated condit ions, and those for the reproductive o r g a n s - i.e. petals , androecium and gynoe-
cium of opening flowers —, mature capsules and seeds. The names of the varieties are given 
in the tables attached. 
This evaluat ion was des igned to establish whether these correlations and chemo-
taxonoinic (genet ic ) characteristics, relations a n d possible quant i ta t ive or qualitat ive dif-
ferences could be demonstrated within and b e t w e e n the examined varieties. 
Experimental material of different ages a n d nature was collected regularly between 
9 and 11 a .m. , then divided in to its component parts and, after 10 minutes of enzyme inhibi-
tion at 105°C, dried at room temperature. After the usual method of extraction and purifica-
tion — according to PFEIFER (1956) — chromatography was carried out on a neutral layer 
using ihe m e t h o d of NEUBAUER MOTIIES (1961). The spots were developed with Dragen-
dorff's reagent and compared b y standard series. The analyses were generally performed 
with 3—4 or sometimes even more replications, and the spots were measured by planimetry. 
The examinat ions covered the following alkaloids: narceine, morphine, codeine, the-
baine, papaverine, narcotine; — protopine, laudanine , laudanozine. In the case of seedlings 
the data general ly refer to 50 plants . In the analys i s of flower parts three flowers, one on each 
occasion, were used, and the m e a n values are included in the f igures . 
The results obtained so far for the seedlings and flower parts may be summarized as 
follows. Concerning the alkaloid spectrum of shoot and root in 3, 5 and 7 day old seedlings 
(Fig. 1), it w a s found that the to ta l alkaloid content of the young shoot at the first two stages 
of development was mostly lower than, or equal to that of the root. At the third stage of 
development it was usually the other way round. When comparing the joint values of shoot 
and root, that is, the total a lkaloid content of the whole seedling, we can see that the varieties 
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Fig. 1. Total alkaloid content in some varieties of the poppy variety collection. Alsógöd, 
1971 72 ( root, hypocotyl cotyledon) 
excellent at all three stages of development — i.e. containing 60- 85 ft g alkaloids — are: 
P.s.Tábor (75 /(g), P.s .max (80 fig) and Peragis W.-st. (65 fig) at 5 days old, and P.s.Violascens 
(75 fig), Novinka (65 fig), Diószegi elit (65 fig) and Peragis Weihenstephan (65 fig) at 7 days 
old. On the other hand, there are varieties with medium and low values, e.g. Luna and P.s. 
Flora (5 — 10 fig) at 3 days old, Strube (0.5 fig) and P.s.Flora (15 fig) at 5 days old, and P.s. 
Tábor (10 /tg), Schianstedt (10 fig), Strube (20 fig) and Luna (20 fig) at 7 days old. 
All this suggests that the alkaloid spectrum and the total alkaloid content in the 
young shoots and roots of different age seedlings are not sufficiently specific of the variety, 
and fluctuate so much that these results cannot by themselves be used in the breeding work 
to predict the tendency towards higher alkaloid productivity. We therefore extended the 
investigations to include the reproductive organs, more exactly, the flower. Data on the 
total alkaloid content and alkaloid spectrum of samples taken from certain parts (sepal, 
petal, filament, pollen-filled anther, mature pollen grains, pistil, flower stem) of opening 
flowers or 13 poppy varieties selected from the variety collection (Figs 2 8) also raise some 
interesting questions requiring further investigations. 
Namely, according to the results of analyses no alkaloid could be pointed out in the 
sepals of 9, petals of 13, filaments of 3, pistils of 4 and flower stems of 5 varieties. It was 
extremely remarkable, on the other hand, that in all 13 varieties the pollen-filled anthers, 
and more particularly the mature pollen grains, and in 10 varieties even the filaments, con-
tained fairly noteworthy amounts of total alkaloids, e.g. in SC the anther contained 40 fig, 
the mature pollen 90 fig and the fi lament 40 fig. The corresponding figures were 60 : 70 : 40 
for H.D. , 55 : 70 for Luna and 65 fig for P.s.Violascens. As for the alkaloid spectrum of flower 
parts, we found that in certain varieties narceine, thebaine and morphine were the most 
frequent alkaloids, while laudanine and papaverine hardly occurred, if at all. Laudanozine 
was not demonstrated in any of the varieties during the investigations. The range of alkaloids 
is also very different in the varieties. Seven of the nine alkaloids examined were demonstrated 
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Fig. 2. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
varieties, in /tg/cg dry matter, Alsógöd, 1971 
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Fig. 3. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
varieties, in /tg/cg dry matter, Alsógöd, 1971 
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Fig. 4. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
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Fig. 5. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
varieties, in /tg/cg dry matter, Alsógöd, 1971 
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Fig. 6. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
varieties, in /Jg/cg dry matter, Alsógöd, 1971 
V a r i e t y : P s . m a x . 
Fig. 7. Alkaloid spectrum and total alkaloid content in the flower organs of some poppy 
varieties, in fig/cg dry matter, Alsógöd, 1971 
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Table 1 
Alkaloid spectrum of pollen in some poppy varieties of the variety collection 
Variety 
name 









L a u d a -
n i n e 
Theba-
ine 
P a p a -





SB morphine p. 10 tr. — 10 — 10 — — 30 





H. D. Cseh 10 tr. 20 tr. 
— 20 — 20 70 
Novinka 10 
— — — — 20 — — 30 
P. s. max. 10 — 10 — — 20 — — 40 
Struhe — — — — 30 — — 30 
Ankara 10 — — : и tr. 20 — — 40 
P. s. flora 10 10 10 5 tr. 10 — — 45 
Diószegi elit 10 5 10 10 10 20 — — 65 
Schianstedt 10 — — 10 — 20 — — 40 





P. s. Tábor 15 — 15 — — 15 — — 45 
Luna 10 10 10 tr. — 20 10 10 70 
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Table 2 
Alkaloid spectrum of capsule in some poppy varieties of the variety collection 
Alkalo ids (7oo) 
V a r i e t y 
Morphine C o d e i n e Thebaine Papaver ine N a r k o t i n e 
Total 
alkaloid« 
SB morphine p. 4.0 0.2 0.5 0.4 _ 5.1 
SC morphine p. 5.0 0.6 0.8 2.0 0.4 8.8 
H. D. Cseh 6.0 0.5 1.5 2.0 0.4 10.4 
Novinka 6.0 0.4 0.8 0.2 0.4 7.8 
P. s. max 5.0 0.5 0.6 0.2 0.3 6.6 
Strube 8.0 0.4 0.5 0.2 tr. 9.1 
P. s. Flora 6.5 0.4 0.6 0.2 0.3 8.0 
Diószegi elit 4.0 0.5 0.5 0.2 0.7 5.9 
Schianstedt 4.0 0.3 0.4 0.2 0.4 5.3 
Paragis Weihenstephan 5.5 0.5 0.7 tr. 0.1 6.8 
P. s. Tábor 4.5 0.4 0.4 0.2 0.4 5.9 
Luna 3.5 0.6 0.4 0.3 0.6 5.4 
P. s. Violascens 4.0 0.5 0.4 1.0 1.2 7.1 
in six varieties: SB, H D Cseh, P.s.Flora, Schianstedt, Luna and P.s.max; while in the variety 
P.s. Tábor only three alkaloids (narceine, codeine and thebaine) were found. The rest of the 
poppy varieties studied fall between these two extremes. Furthermore, it is remarkable that 
in most varieties the pollen-filled anther and the pollen grains have the richest alkaloid 
spectrum (Figs 2 — 8 and Table 1). The f igures show that the pollen contains thebaine in 
all the 13 varieties examined, together with some other alkaloids, depending on the variety. 
Both the number of the different kinds of alkaloid and the total alkaloid content were highest 
in the mature pollen grains of the varieties SC, H.D. Cseh, Diószegi elit, L u n a and P.S. 
Violascens. 
When comparing the alkaloid spectrum of mature capsules with that of the above 
pollen samples we find that the alkaloid content is similarly high in the dry capsules of SC, 
H.D. Cseh and P.s. Violascens. In the case of the other varieties greater or lesser differences 
and shifts of proportion are found (Table 2). According to the results of our analyses no cor-
relation can be found between the alkaloid contents of seedlings and flower parts within 
a variety. Attention should be paid, however, to the alkaloid spectrum of pol len samples 
containing no latex, the origin of which is not satisfactorily explained; it may be connected 
with the intensive meristematic activity (microsporogenesis) taking place in the anthers. 
The interspecific differences in the alkaloid spectrum of the pollen grains could per-
haps be characteristic of the varieties. 
* 
Prepared at the Department of Plant Anatomy of the Eötvös Loránd University, 
Budapest. 
S . S Á R K Á N Y , К . M I C H E L S - N Y O M Á R K A Y 
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V A R I A B I L I T Y A N D HERITABILITY STUDIES O N T H E MAJOR AGRONOMIC 
CHARACTERS OF CAPSICUM FRUTESCENS GROWN IN E G Y P T 
Variability studies seem to be essential , as genetic improvement is based mostly on 
heterogeneous genetic materials. There is an increasing interest in variation as an effective 
tool for modern plant breeders. Despite the fact that the literature is full of studies of varia-
tion itself and its application to crop plants , very little work has been carried out on varia-
tion in the genus Capsicum, particularly in the field of plant breeding and releasing new 
varieties. In spite of the huge number of published reports on the physiology and cultural 
practices of the medicinal plants, there is no comprehensive study on the varietal breeding 
of such crops. The improvement by plant breeders of the hereditary economic characters 
of these plants has been very limited. 
Capsicum is used as a medicinal p lant for its pungent alkaloid "capsaicin", which is 
found mainly in the inner walls of Capsicum fruits. Any improvement in the y ie ld of capsaicin 
must include, besides the capsaicin percentage, other economic characters which are com-
ponents of the total yield of the plant. In a previous work (AL-HAMIDI et al. 1975; in press), 
variation in the capsaicin content was studied. The present work is aimed at contributing 
on the range of variation in the major agronomic characters in Capsicum frutescens. Interest 
was also given to est imating the heritability values of the studied traits. Such study may 
offer some essential foundations for future genetic studies oil the genus Capsicum. This in-
vest igat ion seems to be very important for any suggested improvement in Capsicum and for 
the releasing of highly pungent varieties. 
Bulked "Shatta" seeds of Capsicum frutrscens, which represents the genus Capsicum 
marketed in Egypt, were sown in the f irst year. The following traits were determined on 
an individual plant basis: 1. Weight of ten green fruits: W h e n the fruits reached their maxi-
mum volume, ten fruits were harvested at random and weighed. This max imum volume was 
always found to occur when the fruits were yellowish-green in colour. 2. Weight of ten red 
fruits: At full maturity, ten fruits with dark red colour were harvested at random and 
weighed. 3. Volume of ten red fruits: The volume of ten red mature fruits w as measured in 
cubic centimetres by water displacement in a graduated cylinder. 4. Number of main branches 
on the plant: At the end of the growing season and before digging out the plants, the number 
of main branches on the first node was recorded. 
Self-pollination w a s carried out on each surviving plant individually. A random sample 
of the parental plants was taken to initiate the families grown in the second year. The de-
terminations made on the parental plants were repeated in the same manner on each member 
of the progeny families. 
Biometrical constants such as the range, mean, standard deviation, standard error 
and coefficient of variation were estimated from the parents as well as from the family means. 
To represent the individual parental p lants in the form of frequency distribution curves, 
the data were transformed to the logarithmic scale so that the distribution approached the 
normal. 
The range, standard deviation, s tandard error, coefficient of variation, frequency 
distribution curves and the figures revealed that extremely large variability existed in all 
the characters studied. 
Table 1 shows the statistical determinations for the characters studied, while figures 
1 — 4 illustrate the frequency distribution curves of the traits. Figures 5—10 show different 
types of fruits collected from the parental plants. 
The range in weight of ten green fruits was from 2.1 to 30.0 g with a mean value of 
7.2 g and a mode of 3.05 g. The standard deviation and coefficient of variation were 6.44 
and 89 .44% respectively. The weight of ten red fruits ranged from 2.1 to 30.0 g with a mean 
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Table 1 
Statistics of the studied traits in the parental plants 
Traits 
N o . o f 
p l a n t s R a n g e Mode M e a n 
Standard 
dev iat ion 
Standard 
error 
Weight of ten 
green fruits 421 2.1 — 30.0 g 3.05g 7.20 g 6.44 0.31 
Weight of ten 
red fruits 409 2 . 1 - 3 0 . 0 ct G 3.05 g 7.40 g 6.30 0.31 
Volume of ten 
red fruits 450 4 . 9 - 8 4 . 8 cm2 7.35 cm3 17.20 cm3 16.57 0.78 
Number of main 
branches 695 1.9 — 14.8 5.35 6.2 2.10 0.80 





Statistics and heritability estimates of the progeny families 
Traits 
N o . of 
fami l i e s Range 
Grand 
S. D . S. E . c. v.% Heritabi l i ty value , % 
Weight of ten 
green fruits 38 2 . 3 - 1 7 . 4 g 4.0 g 2.65 0.43 65.59 64.36 
Weight of ten 
red fruits 33 2 . 3 - 2 3 . 3 g 4.3 g 4.06 0.71 93.99 84.31 
Volume of ten red 
fruits 27 3 . 0 - 3 3 . 2 cin3 7.1 cm3 6.24 1.20 88.26 84.92 
Number of main 
branches 44 4 . 9 - 9 . 1 7.0 0.36 0.14 13.61 3.17 
value of 7.4 g and a mode of 3.05 g. The standard deviation and coefficient of variability 
were 6.30 and 85.07% respectively. The range in volume of ten red fruits was from 4.9 to 
84.8 cm-1 with a mean value of 17.2 cm 1 and a mode of 7.35 cm3 , while the standard devia-
tion and coefficient of variability were 16.57 and 96.11% respectively. The other trait, number 
of main branches, showed considerable variation but to a lesser extent than was reported 
for the previous three characters. The number of main branches ranged from 1.9 to 14.8 
with a mean value of 6.2 and a mode equal to 5.35. The standard deviation and coefficient 
of variation were 2.10 and 33.82% respectively. 
The determination of the aforementioned characters in the progeny families indicated 
clearly and consistently a reduction in the variability as measured by the same biometrical 
constants estimated for the individual plants. The range, standard deviation and coefficient 
of variability was each decreased to a marked degree as shown in Table 2. 
It must be emphasized, however, that the small number of families measured was 
an inadequate sample of the progeny family genotypes. Nevertheless, it m a y be noted that 
the results obtained for the families generally showed the expected trend relative to their 
respective parents. 
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Logarithmic values of weight of ten gneen fruits 
Fig. 1. Frequency distribution curve of weight of ten green fruits 
red f ru i ts 
Fig. 2. Frequency distribution curve of weight of ten red fruits 
T h e weight of ten green fruits ranged f r o m 2.3 g to 17.4 g in the famil ies , compared 
to 2.1 to 30.0 g in the parents . The coefficient of variation for the families was 6 5 . 5 9 % com-
pared to 8 9 . 4 4 % in the parents . 
The vo lume of ten red fruits ranged f r o m 3.0 to 33.2 c m 3 in the famil ies , while the 
range for the parents was 4 .9 to 84.4 cm 3 . T h e coefficient of variation for the famil ies was 
88.26% compared to 9 6 . 1 1 % for the parents . 
T h e number of main branches in t h e families ranged f r o m 4.9 to 9.1 versus 1.9 to 
14.8 in the parents. The coef f ic ient of variat ion for this character in the families was 13.61% 
compared to 33.82% in t h e parents. 
T h e trait weight of t e n red fruits fo l l owed the same trend, but unexpectedly the coeffi-
cient of var iat ion in the fami l i e s was higher in magnitude than tha t reported for the parents. 
This contradict ion could be the result of u n b i a s e d error. 
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Logarithmic values of volume of ten red 
f ru i ts 





Logarithmic values of number 
of main branches 
Fig. 4. Frequency distr ibution curve of number of main branches 
These reduct ions in variabilities agreed with the view of JONES et al. (1928) and 
HARTMAN et al. (1960) that Capsicum is a frequently cross-pollinated p l a n t due to varying 
degrees of cross pollination. It was pointed out b y ÖDLAND—PORTER (1941) that cross-
pollination in Capsicum frutescens m a y reach 16%. T h u s , inbreeding in such cases depresses 
the genetic variabi l i ty and leads to homozygous famil ies . 
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Fig. 10. Different types of fruits collected from the parental plants 
Fig. 8. Different types of fruits collected from the parental plants 
Fig. 9. Different types of fruits collected from the parental plants 
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Parent—offspring regression w a s calculated as an estimate of the heritability value. 
Table 2 summarizes the heritability values for the characters studied. These results showed 
tha t the volume of ten red fruits, the weight of ten red fruits, and the weight of ten green 
fruits vary enough to signify the importance of the response of these characters to selection. 
The heritability va lues were 84 .92%, 84.31% and 64 .36% respectively. The above f indings 
were supported b y the results obta ined by KHAMBANONDA (1950). He reported A 64% heri-
tabil ity for the size and weight of the fruits. Despite the high heritability values est imated 
for weight and vo lume traits, a l ow heritability value was nevertheless calculated for the 
number of main branches. 
An examination of the frequency distribution curves of the traits studied indicated 
tha t the character with the lowest heritability value , i.e. the number of main branches, 
showed an almost normal distribution curve. This suggests a relatively large number of genes 
controlling it. However , the weight of ten green fruits, the weight of ten red fruits, and the 
volume of ten red fruits showed a skewness when their frequency distribution curves were 
presented. The skewness could he the result of a dominance effect from a relatively small 
number of genes combined with the high heritability values estimated for these characters. 
Dominance is clearly shown by the distribution to be in favour of low weight and volume, 
since the highest peak was in the direction of low values. These results were closely supported 
b y KHAMBANONDA (1950) when he obtained a triinodal logarithmic distribution for fruit 
shape and weight in fourth generat ion hybrids. His conclusion that these characters are 
controlled by one gene is very similar to the predictions suggested b y the present work. 
By testing the arithmetic m e a n s of the characters examined, it was shown that the 
mean value of the number of main branches was not affected by inbreeding. However, the 
fami ly means of the weight of ten green fruits, the weight of ten red fruits and the volume of 
t en red fruits were reduced by a lmos t half the value estimated for the parents. This reduc-
t ion in the means could be attr ibuted to seasonal effects which characterized the progeny 
plantings, such as virus attacks, or to the dominance and epistatic e f fects of the large means. 
The results obtained from the frequency distribution curves agree wi th the former explana-
t ion, since dominance of the low va lues for weight and volume characterized the frequency 
distribution figures. Therefore, it w a s concluded that the reduction in the means was due 
almost entirely to seasonal pathological influences wi th a resultant decrease in the volume 
and weight of the fruits harvested. 
All the characters studied showed a tremendous variability particularly in the traits: 
vo lume of ten red fruits, weight of t e n green fruits and weight of ten red fruits, judged from 
their range of differences and coeff ic ients of variance. These variabilities are of great signifi-
cance to any further work aimed at a genetic advance in Capsicum frutescens. 
The range of variability in the progeny families was less than in the parents. This 
is due to inbreeding effects. Such a process of inbreeding will introduce homozygous pure 
lines which could be a valuable genet i c material for bo th breeding and the releasing of new 
varieties. 
The determination of the heritability values showed that the we ight and volume of 
the fruits have high heritability va lues . Apart from this, their frequency distribution curves 
suggested that these characters are controlled by a small number of genes. 
Since the heritability values were fairly high for the weight and volume traits, these 
characters should he the basis for selection programmes. 
Prepared at the Pharmaceutical Sei. Lab., Nat ional Research Centre, Cairo. 
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FLOWER-VISITING B E E S IN L U C E R N E FIELDS N E A R SZEGED 
TYSDAL (1940, 1946) and BOIIART (1957, 1960) reported on the flower-opening and 
pollinating activities of wild bees on lucerne. The investigations carried out by MÓCZÁR — 
B Ö J T Ö S (1957) in Hungary also proved the opening and cross pollinating activities of Apoideae 
in lucerne. Studies made at 27 sites in Hungary revealed the faunistic (MÓCZÁR 1961a), 
dominance and abundance ( M Ó C Z Á R 1961b) relationships of Apoideae and the flower-visiting 
activities of the major species in Hungarian lucerne crops. The results of examinations per-
formed in County Csongrád did not prove suitable for comparison with those obtained in 
other places. In County Csongrád repeated observations were therefore made in three lucerne 
fields in the neighbourhood of Szeged using the methods of the 1954—1956 national survey . 
The data obtained made it possible to evaluate the wild bees according to their flight period. 
The lucerne fields were situated in the neighbourhood of Szeged and Ujszentiván. 
The Ujszentiván lucerne field was at a distance of 1 k m from the point where the Hungarian, 
Yugoslav and Rumanian borders meet , in the immediate vicinity of the border. The investiga-
tions were made on 2 1 s t - 2 2 n d , 28th—31st July and 3rd—4th August 1971, 22nd—23rd, 
25th, 27th—30th June and 1st —2nd, 4th July 1972. The lucerne crop occupied a 20.5 hectare 
heavily soiled area. 
The sandy lucerne fields next to Szeged airport are situated 18 kin west of the Ujszent-
iván lucerne field. In 1971 a 57 hectare lucerne field on the northern side of the airport, and 
in 1972 a 19.4 hectare field on the western side were examined. The dates of examinations 
were: 23rd—27th July, 2nd, 5th August 1971; 22nd—23rd, 25th, 2 7 t h - 3 0 t h July and 
1st—2nd, 11th August 1972. 
As regards the quantitative relationships of wild, flower-visiting bees in lucerne con-
clusions were drawn from strip surveys made between 9 and 10 a.m. every day. In a rectan-
gular strip of land 1 m wide and 10 m long the number of Apoideae f ly ing in was recorded 
for 30 seconds per in-', on 10 occasions a day if possible. The daily sites of surveying were 
evenly distributed in the lucerne field in a transverse direction. For the qualitative examina-
tions of Apoideae, collections were made for 30 minutes each between 11 a.m. and 12 noon, 
and between 2 and 3 p.m. Meteorological data for the days of examinations are s h o w n 
in Figs 1 and 2. 
I. Abundance conditions in lucerne fields. In the course of strip surveys made on 18 
occasions during 1971- 1972 on an area of 1740 m 2 in the Ujszentiván lucerne field the 
appearance of 1247 wild bees was recorded, which suggests the presence of 71.66 specimens 
on a daily average, 7.17 on an average of 10 m2, and 7170 on a hectare. The number of wild 
bees in strip surveys made on 17 occasions in 1971 — 1972 over an area of 1680 m2 at Szeged 
was 568, i.e. 33.8 on a daily average, 3.38 on an average of 10 m2 and 3380 in 1 ha. 
The examined areas differ substantially in wild bee frequency. The wild bee abundance 
in the Ujszentiván area was more than double that of the lucerne f ie lds near Szeged. This 
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Fig. 1. Meteorological data o n the days of e x a m i n a t i o n in 1971, at 9 a.m. and 1 p.m. 
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Fig. 2. Meteorological data on the days of e x a m i n a t i o n in 1972, at 10 a.m. and 2 p .m. 
( t emperature , w i n d force, atmospheric pressure, h u m i d i t y ) 
was due f irst o f all to the favourab le environmental conditions of the former. The incorrect 
application of insecticides also contributed to t h e low individual number of wild bees at 
Szeged. 
To s u m u p the results o b t a i n e d on the t w o lucerne areas: in 1971 —1972 surveys were 
made on 35 occas ions on a total area of 3420 m 2 , in t h e course of w h i c h 1815 wild bees — 53.07 
on a daily a v e r a g e and 5.31 o n an average of 10 m 2 — were recorded. This indicates the 
presence of 5307 wild bees on 1 h a in the lucerne f i e lds around Szeged. This individual dens i ty 
of 5307 wild b e e s per ha is a considerably higher abundance value t h a n the 1954—1956 mean, 
so when c o m p a r i n g it with the results of observat ions made in o ther parts of H u n g a r y we 
can establish t h a t in 1971— 1972 the wild bee abundance was higher in the Hajdúság and 
Nagykunság ( e a s t of the river T i sza ) and in the Kiskunság (between the Danube and Tisza) 
and lower in t h e counties S o m o g y , Fejér, Békés a n d Baranya and in the Hanság (the region 
of Lake Fertő ) t h a n in County Csongrád. 
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According to BENEDEK (1970) the results obtained hy Móczár's stris survey method, 
employed in the abundance examinat ions described in this paper, and b y the simple strip 
survey are not identical . Móczár's m e t h o d gives higher abundance values . The difference 
is due to the motion of the wild bees. W h e n there is a lower abundance of wild bees the dif-
ference between the results of the two methods is smaller, while with a higher abundance 
it is larger. The s imple strip method is suitable for s tat ic abundance examinat ions , where 
the time factor is no t taken into consideration. 
I I . Dominance conditions. A total of 71 Apoidea species were identif ied, 63 by collect-
ing and 8 by observations on flower-visiting. The occurrence of wild bees collected in the 
course of dominance examinations is shown in Table 1 according to the place of collection. 
In the course of observations made on flower-visiting in the lucerne f ields near Szeged, Col-
letes daviesanus Sm. and Halictus morbillosus Kriechb. occurred as single specimens in 1971, 
and Halictus smaragdulus Vach., Halictus veneticus Bl i i thg. , Megachile pilidens Alfk., Mega-
chile rotundata F., Tetralonia hungarica Friese and Eucera nitidiventris Mocs. in 1972. 
In the Ujszent iván lucerne f ie lds 49 species were collected and 37 f rom lucerne flowers 
at Szeged. The range of species was substantially broader at Ujszentiván than at Szeged. 
This could he attributed to the following conditions: h e a v y soil favourable for nesting, diversi-
f i ed culture and weed flora, uniform densi ty of lucerne. The number of w ild bee species in 
the lucerne fields around Szeged is noteworthy: in the course of collections carried out in 
1954—1956 all over Hungary MÓCZÁR (1961a) described 98 species. 
At Ujszent iván ive collected 667 specimens over 18 days to determine the dominance. 
Dominant species: Halictus malachurus K. 11.69%. 
Subdominant species: Bombus agrorum F. 10 .49%, Halictus eurygnathus Bliithg. 
9 .30%, Melitta leporina Pz. 8.25%. 
At Szeged 478 bees were collected in 17 days for the purpose of establishing the domi-
nance conditions. 
Dominant species: Melitta leporina Pz. 20.71%. 
Subdominant species: Andrena ovalula K. 18.20%, Melitturga clavicornis Latr. 16.11%. 
The result of collecting for 35 days in 1971- 1972 in the lucerne f ie lds of Ujszentiván 
and Szeged was 1145 wild bees. The totalled dominance values were: 
Dominant species: Melitta leporina Pz. 13.45%. 
Subdominant species: Andrena ovatula K. 12.14%, Melitturga clavicornis Latr. 8.12%. 
The detailed dominance values are given in Table 2. 
According to investigations made in Hungary, of 600 wild bee species some 150 vis i t 
lucerne stands (MÓCZÁR 1961a, BENEDEK 1968b, 1969). .According to BENEDEK (1966) of 
the useful w ild bees 20 species are of practical importance. As a result of invest igat ions carried 
o u t by M Ó C Z Á R (1961C) the following species were found to be dominant: Melitta leporina Pz. 
in Transdanubia; Eucera clypeala Er. in County Fejér, on the Great Hungarian Plain (County 
Szolnok) and over a large part of the area east of the Tisza; and Andrena ovatula K. in the 
Hajdúság. In counties Csongrád and Baranya — that is in the southernmost parts of Hun-
gary — Melitta leporina Pz. and Melitturga clavicornis Latr. were the most important species 
(MÓCZÁR 1956, 1961c). This seems to be confirmed by the investigations made in the neigh-
bourhood of Szeged. 
I I I . Distribution of Apoideae by flight period. According to the l ength of the f l ight 
period (BENEDEK 1968a, 1968c) the wild bees can be p laced in 3 main groups: species wi th 
a short, a medium and a long flight period. Species wi th a short and m e d i u m flight period 
have one generation a year, while those with a long f l ight period have two. Within the long 
f l ight period group bivolt in species and those with continuous reproduction may be dis-
tinguished. The material collected in our investigations for the determination of dominance 
was used to point out the number of Apoideae in the different regions according to fl ight 
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Table 1 
Occurrence by locality of wild bee species collected from lucerne flowers 
Species 
Loca l i ty 
Ü j s z e n t i v á n Szeged 
Melitta leporina Pz. + + 
Andrena flavipes Pz. + + 
Andrena labialis К. + + 
Andrena carbonaria L. — + 
Andrena ovatula K. + + 
Andrena variabilis Sm. + — 
Andrena species + + 
IKomada fucata Pz. + -
Nomada species + -
Halictus quadricinctus F. + + 
Halictus rubicundus Christ. . . . 
Halictus patellatus Мог. + 
Halictus maculatus Sm. — 
-1-
Halictus simplex Bliithg. + — 
Halictus eurygnathus Bliithg. + •f 
Halictus tetrazonius Klug. + + 
Halictus subauratus Bossi + -
Halictus leucozonius Schrk. + + 
Halictus interruptus Pz. 
— + 
Halictus calceatus Scop. + + 
Halictus marginatus Brüllé + — 
Halictus laticeps Schck. + -b 
Halictus malachurus K. + •f 
Halictus quadrisignatus Schck. + -
Halictus species + -
Sphecodes species 
— + 
Rhophites pillichi Bliithg. 
— + 
Rhophites quinquespinosus Spin. + -
Rhophitoides canus Ev. + -
Syslropha curvicornis Scop. 
— + 
Syslropha planidens Gir. + -
Megachile argentata E. + + 
Megachile centuncularis L. + 
Megachile ericetorum Lcp. 
— + 
Megachile maritima К. + + 
Megachile versicolor Smith. + -
Osmia atrocoerulea Schill. + — 
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Table 1 continued 
Spec ie s 
L o c a l i t y 
U j s z e n t i v á n I Szeged 
Osmia aurulenta Pz. 
Anthidium manicatum L. 
Coelioxys afra Lep. 
Tetralonia armeniaca Мог. 
Tetralonia pollinosa Lep. 
Eiicera cinerea Lep. 
Eucera clypeala Er. 
Eiicera interrupta Baer 
Eucera longicornis L. 
Eucera pollinosa Smith. 
Eucera similis Lep. 
Melitturga clavicornis Latr. 
Anthophora quadrifasciata Л ill. 
Xylocopa violacea L. 
Bombus agrorum F. 
Bombus derhamellus K. 
Bombus helferanus Seidl. 
Bombus hortorum L. 
Bombus lapidarius L. 
Bombus laesus mocsáryi Kriechb. 
Bombus muscorum F. 
Bombus ruderutus eurynotus Kriechb. 
Bombus silvarum distinctus Vogt. 
Bombus terrestris L. 
Psithyrus barbutellus K. 
Apis mellifica L. 



























period. The evaluated stock consisted of 1143 bees, 666 obtained from Líjszentiván and 477 
from Szeged. Nomada sp. collected in 1972 at Ujszent iván and the species Sphecodes found 
at Szeged are not included in the evaluation. The distribution of f l ight groups by number 
of individuals and as a percentage for the different areas separately and together is shown 
in Table 3. 
At Ujszentiván the bulk of the pollinating wild bee stock was formed by long f l ight 
period bivoltin species (Halictus and Andrena), while at Szeged the short flight period wild 
bees (Melitta leporinu Pz., Melitturga clavicornis Latr.) were prevalent. This can be explained 
by the fact that while the individual number of Andrena and Halictus was high at Ujszent-
iván, under the influence of heavy soil and diversified culture and weed flora, at Szeged 
Melliturga clavicornis Latr., a wild bee frequently found on lucerne on sandy areas, occurred 
in large numbers together with Melitta leporina Pz. Species with a medium flight period were 
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Table 2 
Percentage dominance 
T o t a l l e d 
S p e c i e s 
Üjszent iván S z e g e d d o m i n a n c e 
va lues 
о/ /о 
Melitta leporina Pz. 8 . 2 5 2 0 . 7 1 1 3 . 4 5 
Andrena flavipes Pz. 7 . 3 5 5 . 8 6 6 . 7 2 
Andrena labialis К. 5 . 5 5 1 . 4 6 3 . 8 1 
Andrena ovatula K. 7 . 8 0 1 8 . 2 0 1 2 . 1 4 
Andrena variabilis Sm. 1 . 3 5 0 . 0 0 0 . 7 9 
Andrena carbonaria K. 0 . 0 0 0 . 8 4 / < 0 . 5 0 / 
Halictus malachurus K. 1 1 . 6 9 / < 0 . 5 0 / 7 . 0 7 
Halictus eurygnathus Bliithg. 9 . 3 0 4 . 8 1 7 . 4 2 
Halictus tetrazonius Klug. 6 . 1 5 1 . 6 7 4 . 2 8 
Halictus calceatus Scop. 1 . 3 5 / < 0 . 5 0 / 0 . 9 6 
Systropha curvicornis Scop. / < 0 . 5 0 / 1 . 0 5 / < 0 . 5 0 / 
Megachile argentata F. 1 . 5 0 2 . 7 2 2 . 0 1 
Megachile maritima К. / < 0 . 5 0 / / < 0 . 5 0 / 0 . 6 1 
Eucera clypeata Er. 4 . 2 0 2 . 3 0 3 . 4 1 
Eucera pollinosa Smith. 1 . 3 5 0 . 0 0 0 . 7 9 
Melitturga clavicornis Latr. 2 . 4 0 1 6 . 1 1 8 . 1 2 
Bombus agrorum F. 1 0 . 4 9 3 . 1 4 7 . 4 2 
Bombus lapidarius L. 2 . 8 5 5 . 0 2 3 . 7 6 
Bombas silvarum distinctus Vogt. 4 . 2 0 / < 0 . 5 0 / 2 . 7 1 
Bombus terrestris L. 5 . 1 0 7 . 7 4 6 . 2 0 
Other species 9 . 1 2 8 . 3 7 8 . 3 3 
1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 
Table 3 
Distribution of Apoideae by flight period 
F l i g h t g r o u p s 
U j s z e n t i v á n Szeged T o t a l 
n u m b e r % n u m b e r О/ rO n u m b e r % 
Short flight period 
pollinators 9 2 1 3 . 8 0 2 1 0 4 4 . 0 2 3 0 2 2 6 . 4 3 
Medium flight period 
pollinators 5 2 7 . 8 6 1 2 2 . 5 3 6 4 5 . 5 9 
Long flight period bivoltin 
pollinators 3 6 3 5 4 . 5 4 1 7 2 3 6 . 0 5 5 3 5 4 6 . 8 0 
Long flight period pollinators 
with continuous reproduc-
tion 
1 5 9 2 3 . 8 0 8 3 1 7 4 0 2 4 2 2 1 . 1 8 
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present in the lowest numbers on both areas. The proportion of medium flight period species 
to the total number of pollinating bees collected was three t imes as high at Újszentiván as 
at Szeged. This was probably due to the better nesting and feeding conditions existing at 
Újszentiván. To some extent the diversified culture and weed flora provides a permanent 
source of nutrition, and the heavy soil with its favourable nesting conditions promotes the 
multiplication of species belonging to the genera Eucera and Tetralonia. The proportion of 
the continuously flying long flight period Bombus species to the total wild bee population 
was larger at Újszentiván than at Szeged. 
In the lucerne fields in the neighbourhood of Szeged nearly half of the pollinating bee 
population consisted of long flight period, bivoltin species. The smallest proportion of the 
pollinating wild bee population found on the lucerne flowers was represented by species 
with a medium long flight period. Our results were similar to those obtained by BENEDEK 
(1969) in the Great Hungarian Plain (counties Pest, Szolnok, Hajdú, Békés). According to 
Benedek the most important lucerne pollinators in counties Hajdú and Békés were found 
to be the long flight period bivoltin species, and in Pest and Szolnok the short fl ight period 
summer species. Species wi th a medium long f l ight period were represented by the smalless 
number of individuals on all the areas examined (BENEDEK 1969). 
Benedek's data for counties Békés, Hajdú, Pest and Szolnok, supplemented with 
the results of investigations made in county Csongrád, show that in the Great Hungarian 
Plain the long flight period bivoltin, and the short flight period wild hee species form the 
hulk of the population pollinating lueerne. 
* 
Prepared at the József Attila University, Zoological Department, Szeged. 
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CONTROL S T U D I E S ON MITES ASSOCIATED WITH PEA I N T H E U.A.R. 
The pea crop has occupied an important position among the locally grown vegetables. 
The newly reclaimed land in Tahreer Province has a characteristically excellent soil for pea 
cultivation, 2730 hectares were devoted to the cultivation of this crop alone. During the last 
decade, pea crop growers all over the country have complained very much about the deteriora-
tion of pea plants and about the great losses suffered in the crop. 
The most troublesome limiting factors in increasing the cultivated lands for this crop 
in Tahreer Province are mites, insects, and mildew diseases. 
The purpose of this research is to carry out further experiments to study firstly the 
mites which attack pea plants and cause serious damage, and secondly the suitable t ime 
and possible means of control in Tahreer Province. 
An area of 2.1 hectares cult ivated with pea plants of the variety little Marvel was 
chosen for this investigation. Experiments were carried out during two seasons. Pea plants 
were cultivated during the seasons at the beginning of October. Samples of 100 leaves were 
collected at random from the four replicates of each treatment and were examined carefully. 
For the second season certain acaricides and fungicides were tested for controlling the mites 
and mildew diseases (Table 1). The temperature and moisture degrees were estimated during 
the two seasons. Regarding the yield, pods of green peas were collected and weighed at the 
end of the season. 
The purpose of this research is to record the mites associated with pea plants. Species 
of mites collected from pea leaves during the two seasons are shown in Table 2. 
These species were identified, one family being classified as phytophagous, two families 
as predacious and one family as phytophagous or predacious. 
Tetranychus urticae (T. cucurbitacearum Sayed) was the most serious mite throughout 
this study, followed by Eutetranychus orientulis (Banks) and Tetranychus arabicus (Attiah). 
The damage is caused by sucking the plant sap, causing small yellow blotches to devel-
op. These blotches, however, gradually enlarge, depending upon the increase of feeding, 
and change to reddish brown. The mites spin large amounts of webbing forming a sheath 
over the leaf surface. Being full of dust carried by the wind, this sheath reduces the respira-
tion and photosynthesis of the leaf. Filially, infested leaves change to a rusty brown colour. 
As a result of infestation the pea plants were weakened, their growth in general was 
diminished and they gave a very poor quantity of green pods (Fig. 1). 
Table 1 
Chemicals used in the second season 
Chemicals 
R a t e o f appl i ca t ion , 
% Formula 
Nogos E. C. 50% 0.150 0.0 dimethyl 2 — 2 dichlorovinylph osphate 
Kelthane E. C. 18.5% 0.250 1,1 bis (chlorophenyl) 
2.2.2 — trichlorocthanol 
Dithane M. 45 W. P. 0.259 Ethylene bisdithiocarbamate . . . . . . . . 62% 
Manganese  . . . . 16% 
Zinc  . . . . 2% 
Inert ingredients  . . . . 20% 
Colloidal sulphur 0.250 Colloidal sulphur  . . . . 80% 
Nogos -f Dithane M. 45 0.150 + 0.250 
Kelthane + Dithene M. 45 0.250 + 0.250 
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Table 2 
Mites associated with pea plants in Tahreer Province 
Families Scientif ic name Feeding habit 
Tetranychidae Tetranychus cucurbitacearum (Sayed) Phytophagous 
Tetranychus ctrabicus (Attiah) Phytophagous 
Euterunychus orientális (Banks) Phytophagous 
Phytoseiidae Typhlodromus spp. Predacious 
Cheyletidae Cheyletia spp. Predacious 
Tydeidaee Tydeus spp. Phytophagous or predacious 
Table 3 




First Spray Second Sprav Third Sprav 
Chemicals ist 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd Tota l 
count 
Nogos E. C. 50% 15 5 4 1 1 2 0 0 0 0 28 
Kelthane E. C. 18.5% 17 9 5 2 4 3 0 0 0 0 40 
Dithane M. 45 (W. P.) 20 14 11 8 10 5 3 8 2 5 86 
Colloidal sulphur 16 10 8 6 14 11 9 13 6 8 100 
Nogos -[- Dithane 21 6 1 2 0 0 0 0 0 0 30 
Kelthane Dithane 18 10 5 3 0 0 0 0 0 0 36 
Control 15 20 24 27 33 40 30 25 28 23 265 
L . S . D . 0 . 0 5 = 6 . 1 3 3 4 
0 . 0 1 = 9 . 4 2 3 5 
Examination of the above phytophagous mites during the second season, proved that 
the acaricide Nogas E.C. 50% mixed with the fungicide Dithane M. 45 were the most effect ive 
for controlling the mites and mildew diseases, followed by Kelthane E.C. 18.5% mixed with 
Dithane M. 45 (Tables 3, 4, 5). 
Although, the acaricides Nogos and Kelthane gave a good result for controlling the 
mites, the fungicide Dithane M. 45 must be added to obtain the best yield (Table 5). 
Regarding the predacious inites, it was noticed that they have no significance in cont-
rolling the phytophagous mites. 
T h e s e r e s u l t s c o n f i r m e d t h e d a t a o b t a i n e d b y OSMAN (1974) , OSMAN—SOLIMAN ( 1 9 7 4 ) ,  
J E P P S O N — C A R M A N ( 1 9 7 4 ) , P A T T E R S O N et al. ( 1 9 7 4 ) , E L - A T R O U Z Y ( 1 9 6 8 ) a n d H A S S A N et 
al. ( 1 9 5 9 ) . 
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Table 4 
Accumulated average number of Eutetranychus orientális ( Banks) per leaf 
Before 
Sp ray ing 
F i r s t S p r a y S e c o n d S p r a y T h i r d S p r a y 
C h e m i c a l s 1 s t 2 n d 3rd 1st 2 n d 3 rd le t 2 n d 3 r d T o t a l 
c o u n t 
Nogos E. C. 50% 8 3 2 1 2 2 0 0 0 0 18 
Kelthane E. C. 18.5 10 6 3 2 4 2 1 0 0 0 28 
Dithane M. 45 (W. P) 9 5 4 2 3 1 2 2 3 2 33 
Colloidal sulphur 8 6 4 2 5 3 2 3 2 5 40 
Nogos -J- Dithane 11 2 1 1 0 0 0 0 0 0 15 
Kelthane + Dithane 7 3 2 4 3 2 1 0 0 0 22 
Control 9 11 14 14 15 30 18 17 15 16 149 
L. S. D. 0.05 = 8.4251 
0.01 = 11.3672 
Table 5 
Accumulated average number of Tetranychus arabicas (Altiah) per leaf 
Before 
spray ing 
F i r s t s p r a y S e c o n d s p r a y Thi rd s p r a v 
C h e m i c a l s 1s t 2 n d 3rd 1st 2 n d 3rd 1st 2 n d 3 r d T o t a 
c o u n t 
Nogos E. C. 50% 5 2 1 1 0 0 0 0 0 0 9 
Kelthane E. C. 18.5% 8 3 2 1 1 1 0 0 0 0 18 
Dithane M. 45 W. P. 10 8 3 1 1 1 1 1 1 1 28 
Colloidal sulphur 5 3 2 2 3 2 1 1 1 1 21 
Nogos -j- Dithane 6 1 0 0 0 0 0 0 0 0 7 
Kelthane -j- Dithane 9 2 1 1 0 0 0 0 0 0 13 
Control 6 6 7 8 10 11 13 15 12 16 104 
L. S. D. 0.05 = 4.3675 
0.01 = 6.2134 
In the family Tetranychidae, however, the frequency of the resistance phenomenon 
in mites is greatest. Undoubtedly this is because of the great economic importance of the spider 
mites. As a consequence they have been under greater chemical stress than other groups. 
In many situations the tetranychids were promoted from the role of a minor pes t to that 
of a major pest as a result of DDT. They have remained in this position because of resistance. 
Nevertheless, it is useful to draw attent ion to the fact that other agricultural mite 
pests have not responded with resistance, even after more than ten years of chemical control. 
This is certainly true of a family related to the Tetranychidae, the Phytoptipalpidae, of which 
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several species are of economic importance. Resistance could also be expected in another 
family. During the past ten years, however, Op. compounds Kelthane, endrin, and endo-
sulfan — have been used against Tarsonemid pest, wi thout a control failure caused hy resist-
ance (HELLE 1970). 
* 
Prepared at the Plant Protection Department, F a c u l t y of Agriculture, Shebin El-Kom, 
A . A . O S M A N 
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E X P E R I M E N T S AIMED AT PRODUCING H Y B R I D L U C E R N E . I. 
STERILITY A N D FERTILITY STUDIES 
The primary aim of plant breeding is to produce new varieties wi th the highest pos-
sible productivity and composition value. Of the methods employed for this purpose heterosis 
breeding using a male sterile basic material has come into prominence (ZIMOVA 1966). The 
use of male sterile mother plants is of importance first of all in plant species where hybrids 
can otherwise be produced only b y castration. 
Male sterility has been studied and used in almost all agricultural p lant species. A num-
ber of authors have dealt with this question in Hungary too: CSETNEKI (1965) and NAGY 
et al. ( 1 9 6 9 ) i n m a i z e , B A R A B Á S ( 1 9 6 2 ) i n s o r g h u m , A N D R Á S F A L V Y — B Á L I N T ( 1 9 6 9 ) in o n i o n 
a n d ASZTALOS ( 1 9 6 8 ) , A N D R Á S F A L V Y ( 1 9 6 9 ) a n d L U N ( 1 9 6 9 ) i n t o m a t o . A N D R Á S F A L V Y ( 1 9 6 9 )  
observed occasional differences between male sterile and fertile flowers of the tomato in the 
colour of flower, width of pollen tube and size of pistil. 
The discovery and utilization of male sterile lucerne were reported by CHILDERS—-
MCLENNAN (1960). The sterile clone described by them under the name 20DRC maintained 
its sterility both in the field and under greenhouse conditions. F, plants produced hy crossing 
the 20DRC clone wi th fertile plants shotved an intermediary course of inheritance according 
to the extent of sterility. 
The male sterility disclosed b y Childers is genie in nature (KRUPNOV 1973). Lucerne 
with unviable pollen was first found in 1948 hy Almanyizovum (Soviet Union), but the 
utilization of the male sterile factor w a s started much later hy Lubenec and Nago-Vishchina 
(VENGRENOVSKY—TERESHCHENKO 1969). In 1968 Bradner and Childers described the clone 
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Oms-5, which shows a cytoplasmic transmittance of sterility and is nulliplex as regards male 
steri l i ty (TERESHCHENKO —S IMONENKO 1971). 
VENGRENOVSKY— TERESHCHENKO ( 1969) s t u d i e d the e f f e c t o f cu l tura l c o n d i t i o n s o n 
pollen sterility in lucerne. The experiment carried out by them showed that the sterility 
percentage of pollens in male sterile plants varied with the weather conditions and the age 
of the plant. At reduced temperatures and increased humidity the extent of pollen sterility 
decreases both under field and greenhouse conditions. 
In the course of her investigations KONSTANTINOVA (1970) tried to find out what 
fertile plants should be crossed with the given sterile clone in order to attain the most favour-
able heterosis effect. She found that the seemingly most suitable sterile plant chosen from 
the population of a locally bred or commercially produced variety was the best initial material, 
while, as pollen parents, improved varieties originating from geographically distant lucerne 
areas proved optimum. Good results were generally obtained when crossing varieties with 
great ecological, geographical and genetic differences. 
DAVIS—GREENBLATT (1967), having examined nearly 50 thousand plants, found 28  
plants of which 4 were totally and 9 partially sterile. Studies on the transmittance of aborted 
pollen in the first four plants showed that each of them was a type of cytoplasmic male sterility. 
Plants with cytoplasmic male sterility considerably differ from those with genie male sterility 
as regards the extent of pollen development and the mechanism of transmittance. In genically 
sterile clones the anthers are perfectly empty; in clones with a cytoplasmic sterility the pollen 
grains, though present, are aborted (KRUPNOV 1971). 
TERESHCHENKO SIMONENKO (1971) carr ied o u t c o m p a r a t i v e s tud ie s o n a n t h e r s in 
fertile and sterile plants. The two kinds of anther are morphologically different. The anthers 
of sterile clones are whitish, of uneven, loose structure, without turgor. In fertile clones the 
anthers are larger, yellowish and more compact. Cytological analyses showed that normal 
tetrads develop, followed by uninuclear microspores in both cases. Later the anthers are 
different in accordance with the size of the loculi. In sterile anthers the loculi are twice as 
small as in fertile ones. In sterile anthers the septa do not disappear and the anthers have 
four loculi up to the end of the development. 
Fertile anthers often consist of two loculi grown together; they are perfectly round, 
have three pores, normal size pollen, and in m a n y cases a small amount of unviable pollen. 
Among the Hungarian authors the structure of the lucerne flower, the methodology 
of studies on flowering and fertilization biology, and the situation of hybrid lucerne produc-
t ion h a v e b e e n dea l t w i t h b y BŐJTÖS ( 1 9 6 0 , 1 9 6 1 , 1971 , 1 9 7 3 ) , HESZKY (1970 , 1 9 7 1 ) a n d 
S U L Y O K ( 1 9 7 0 ) . 
To point out sterile and fertile pollens and ascertain the sterile nature of a plant, 
the carmine-acetic acid method, the iodine-potassium iodide method and Alexander's pollen 
staining method are used as well as pollen germination in a 10% sugar solution. 
The search for a sterile basic material was carried out in our trial plot and in large-
scale fields. For three years some 20 thousand plants were examined in the field and about 
a thousand under the microscope every year. The sterility percentage was determined with 
the carmine-acetic acid method and Alexander's pollen staining technique as well as by pollen 
germination (Figs. 1 and 2). In both pollen staining methods the extent of staining was taken 
into consideration when establishing our data. 
Pollen germination was carried out in a 10% sugar solution to which 0.1 mg boric 
acid ( H 3 B 0 3 ) was added to delay the development of fungi. From this solution a suspension 
drop preparation was made for the microscopic examination. Within 30 minutes after prep-
aration the appearance of the pollen tube was clearly seen. 
A detailed microscope examination in the laboratory decides whether the plants pre-
viously marked out in the field can be used for further breeding work. We always used fresh 
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Fig. 2. Pollen germination (30 minutes after the preparation had been completed) 
Fig. 1. Pollen staining with carmine-acetic acid (dark stained fertile and transparent sterile 
pollens can he distinguished well) 
flowers for the examinations and did not apply any fixation technique. With both pollen 
staining methods the number of viable and aborted pollens for each preparation made front 
the pollen mass obtained from several flowers in a cluster was determined in 10 fields of sight, 
magnified xlOO by the microscope. The above mentioned staining methods were also used 
in establishing the sterility percentage of F, plants produced by crossing. 
The detected sterile mother plants were propagated vegetatively. The selected sterile 
plants were dug out together with the surrounding earth and placed in pots, after which 
cuttings were taken from them. On the first occasion 30 50 cuttings were obtained from 
each plant. The s t em and top cuttings were placed in test-tubes filled with rainwater. Rooting 
took 4—5 weeks. The rooted cuttings were transplanted into boxes and pots and in the green-
house. Each sterile clone was examined in the greenhouse. Next spring the examined sterile 
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Table 1 
Distribution of the combinations produced according to sterility percentage 
Designat ion 
0 50 5 1 - 6 0 6 1 - 7 0 71 80 8 1 - 9 0 9 1 - 1 0 0 T o t a l 
n u m b e r o f 
c o m b i n a t i o n s per •ent 
Combinations of mother plant 
No. 1 27 26 19 12 2 2 88 
No. 2 9 22 41 49 37 3 161 
No. 3 34 10 6 1 1 52 
No. 4 
- — 
2 3 12 
-
17 
Total 70 58 68 65 52 о 318 
clones were placed in a trial plot, then at the t ime of flowering individually isolated. F, com-
binations were produced by hand crossing. 
To study the inheritance of sterility and select the plants that fix the sterility we 
pollinated at least 20—25 clusters for each combination in order to obtain an amount of 
seed sufficient to determine the sterility of the F[ generation. Exact data on the sterility of a 
combination can only be obtained by examining 25 30 F, plants within the combination. 
Subsequently we studied the seed setting capacity of the sterile mother plants. For 
this purpose the pollinated clusters were labelled. With the mature cochleae unfolded we 
established first the number of cochleae, then the number of flowers, front the stumps of the 
flower stems, which can be clearly seen on the floral axis even in a mature stage, corrected 
by the data on the labels, and finally the number of seeds. In possession of these data we 
determined the fertilization percentage. This calculation was made first for a cluster, then 
for a combination. Finally we summarized the data of combinations per mother plant. 
1, Sterility transmiltance in sterile mother plants. In searching for a sterile basic material 
we found several plants with 99 100% sterility. After repeated selection we were left with 
8 sterile plants. Having found the sterile mother plants we began crossing with the purpose 
of searching for pollen parents which fix the sterility. The fertile pollen parents used in the 
experiment were chosen from Hungarian and foreign inbred strains and varieties. With sterile 
mother plants a total of 548 F, combinations were produced. The extent of sterility trans-
mitted to F, plants originating from crossings with the sterile mother plants Nos I, 2, 3 and 
4 is presented in Table 1. The data in the table were obtained by pollen staining with carmine-
acetic acid. 
The data contained in the table show that practically no pollen parents were found 
which, when crossed with the sterile mother plant No. 3, would produce sterile F, plants. 
Of the combinations produced with mother plant No. 1, again on ly a few show sufficient 
sterility. The 40 combinations obtained with mother plant No. 2 belong to the 80 100% 
sterility category. According to the data referring to mother plant No. 4 this sterile plant 
has a high capacity for transmitting this property. Of the combinations produced 70% have 
proved to be practically sterile. 
In the course of evaluating the combinations produced we can establish that a number 
of the F, combinations available may serve as a satisfactory basic material for hybrid pro-
duction. To be able to compare the transmitting ability of sterile mother plants we crossed 
them with the same fertile pollen parents. For the sterile plants Nos . 1 and 2 the results of 
comparison are shown in Fig. 3. The data were obtained by pollen staining. 
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Combinations of mother plant No.l 
Combinations of mother plant No. 2 
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F) combinations 
Fig. 3. Sterility percentages in F4 combinations of sterile mother plants 
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The figure clearly shows t h a t in the case of crossing with the same pollen parent the 
sterile plants give different responses. It happened that with sterile p lant No. 1 the fertile 
pollen parent produced F[ plants with only 50% sterility, while w i t h No. 2 the FjS were 
sterile in 92%. Even if a pollen parent maintains sterility at a high level with one of the 
mother plants we cannot be sure tha t the result will be the same with another mother plant. 
2. Seed setting in sterile mother plants. Low seed production is generally known to be 
the great trouble of hybrid lucerne production. This phenomenon already appears in the first 
phase of hybrid production: in the basic material production. Therefore, to be able to choose 
the best F 4 combinations as regards seed production we determined the seed setting ability 
of the mother plants. This property implies both the fertility of the mother plant and the 
potential of the pollen donor. The relevant data are seen in Table 2. 
Table 2 
Seed setting ability of mother plants 




N u m b e r 
o f p o d s 
Number 
of seeds 
S e e d setting 
percentages , 
N u m b e r 
o f s e e d s 
per p o d , 
n /о n 
Combinations of mother plant 
No. 1 14,039 2,294 2.665 20.2 1.2 
No. 2 23,271 10,114 31,077 36.2 3.1 
No. 3 4,454 1,837 3,717 41.2 2.1 
No. 4 5,998 2,725 9,758 45.4 3.5 
No. 5 4.074 1.146 2,473 28.1 2.1 
No. 6 892 282 337 31.6 1.2 
No. 7 • 875 164 211 18.7 1.3 
No. 8 1,485 708 1,751 47,6 2.5 
As regards the number of seeds per pod and the percentage of seed setting, N o s 2 
and 4 again seem to be the most promising sterile plants. 
In our experiment seed set t ing was better in the greenhouse than in the trial plot, 
and the number of seeds per pod was also higher. This may be due f irst of all to the fact that 
in the greenhouse the optimum conditions for crossing can easily be ensured: about 57% 
relative humidity , 23 —25°C temperature, 8—10 thousand lux light intensity and 14 hours 
of illumination. 
We have already referred to the importance of choosing the right parent partners. 
With a view to a better understanding Fig. 4 shows the percentage trend of seed setting 
obtained by crossing two sterile mother plants and the same 80 pollen parents on a column 
diagram. The figure clearly shows the superiority of mother plant N o . 2 over No. 1. 
When choosing pollen parents to be used for crossing, besides the different origin we 
took into consideration the production and composit ion values of the strains marked out. 
From 1 9 7 3 onwards we also used plants proved to be resistant to Fusarium oxisporum S C H L . 
and Verticillium albo-atrum R E I N H E et B E R T H , in the course of infect ion experiments carried 
out at our Inst i tute . 
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Fig. 4. Seed setting percentages in the F combinations of sterile mother plants No. 1 and 
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The above investigations make it possible to choose the best F , combinations to form 
the basic material of hybrid lucerne breeding. 
Prepared at the Research Institute for Irrigation, Szarvas. 
К . I Z S Á K I , G . K O V Á T S , E . T Ó T H 
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LEAF A R E A AND Y I E L D COMPONENTS THEIR R E L A T I O N S H I P S 
W I T H YIELD I N S O Y B E A N [GLYCINE MAX (L.) M E R R . ] 
Nodulating (nod) and non-nodulating (nonnod) isolines of soybean [Glycine max (E . ) 
Merr.] have been extensively s tudied (WEBER 1966, HANWAY— WEBER 1971) with respect 
to their yield and yield components. The nonnod isolines were reported to give more increase 
i n seed yield, dry matter yields, s eed size and seed protein due to N fertilization. Recent ly , 
HANWAY—WEBER (1971) and EGLI LEGETT (1973) studied the pattern of dry matter 
accumulation in some determinate and indeterminate soybeans. BUTTERY et al. (1969) char-
acterized the growth rates of some soybeans using the growth equations. Recently, we reported 
the relative contributions of symbiot ic N and fertilizer N for grain production (PAL—SAXENA 
1975a) and N nutrition of soybean (PAL —SAXENA 1975b). However, the data on leaf area 
and yield components of nod and nonnod isolines of specific varieties are rare, particularly 
under humic subtropical conditions. Therefore, the present study was taken up to determine 
the effect of fertilizer N on leaf area and yield components (final p lant stand, number of 
pods per plant, number of seeds per pod and 100-seed weight) of the two isolines of Clark 
and Harosoy under humid subtropical conditions in the foot-hills of the Shivalik range of the 
Himalya mountains (India). The interaction of symbiosis and fertilizer N is also worth s tudy-
ing with respect to leaf growth and harvest indices in these isolines. Since the symbiot ic 
efficacy of Rhizobium japonicum m a y vary under inoculated and uninoculated conditions, 
it is of much interest to examine whether symbiosis under these two conditions would h a v e 
a differential e f fec t on the growth and development of nod soybean. Thus, the object ives 
of the present investigations were: (1) to study the ef fect of symbiotic and fertilizer N and 
their interaction on leaf growth and yield components, (2) to determine the efficacy of s y m -
biotic flora under inoculated condit ions in terms of leaf growth and yield components, and 
(3) to study the inter-relationships among various components and their association w i t h 
final seed yield. 
The nod (inoculated and uninoculated) and nonnod isolines were raised at increasing 
rates of fertilizer N during three consecutive seasons at the Crop Research Centre. In Khari f 
(monsoon or rainy season) 1970, o n l y the isolines of Clark were used, whereas in the summer 
seasons of 1971 and 1972 the isol ines of both Clark and Harosoy were used. A single split-
plot design with three replications was followed. The isolines were allotted to main plots 
and N rates to sub-plots. There were f ive N levels (0, 25, 50, 100, 200 kg N/ha) in 1970, whereas 
the N rates were increased to six b y adding one more level , i.e. 300 kg N/ha , in 1971 and 1972. 
The experimental soils were silt loam, high in organic carbon (1.7—2.1%), total N 
( 0 . 1 2 - 0 . 1 5 % ) and available P (32 38 kg/ha), and medium in available К ( 1 2 4 - 2 2 8 kg/ha) . 
The experimental plots for 1970 and 1972 were used for soybean cultivation in the past , 
whereas those for 1971 had no prior history of soybean cultivation. The crop was uniformly 
fertilized with 42 kg P/ha and 50 kg K/ha using single super-phosphate and muriate of potash , 
Acta Agronomica Acaderniae Scientiarum Hungaricae 26, 1977 







O i r o O 
счюо 
о ю о о о q 
счпло О О 
. - с M СП 
NITROGEN LEVEL ( k g / h a ) 
Fig. 1. N fertilization e f fec t on leaf area of nodulat ing and non-nodulat ing isol ines of Clark 
and Harosoy soybeans at various stages of growth 
respect ively , just before plant ing. The graded doses of N, as per treatment, were side-dressed 
as a m m o n i u m sulphate at the time of p lant ing. The seeds were placed 2—4 c m deep at a 
distance of 5 cm in furrows spaced 45 cm in 1970 and 30 cm apar t in 1971 and 1972 . 
Leaf Area and Yield Components. Leaf area was measured at 15-day intervals starting 
from 20 days after plant ing till 80 days after p lant ing . Leaf area w a s calculated u s i n g a punch 
technique (WATSON—WATSON 1953). The l eaves of the 5 p lant s were separated a n d their 
fresh we ight s ( W) were recorded. The leaves were dropped at r a n d o m into a tray to form a 
thick layer and leaf discs were punched out w i t h the help of a cork bore of k n o w n radius (r) 
pressed into the mass at a number of random positions on the tray . In this w a y , all parts 
of the l eaves had an equal chance of being inc luded in the sub-sample . The fresh w e i g h t (u ) 
of all the discs (n) was determined. The tota l leaf area per f i v e plants (L) w a s calculated 
as be low: 
_ nF-n • W 
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Table 1 
Plant population at harvest as affected by different treatments 
T r e a t m e n t s 
1970 1971 1972 
mi l l ion ha 
Isolines : 
Clark nod inoculated 0.288 0.488 0.508 
Clark nod uninoculated 0.302 0.525 0.555 
Clark nonnod 0.270 0.512 0.498 
Harosoy nod inoculated 
-
0.555 0.518 






L. S. D . 0 . 0 5 n. S. 1 0.025* 11. s. 
N treatments (kg/ha): 
0 0.289 0.541 0.513 
25 0.302 0.544 0.521 
50 0.282 0.527 0.528 
100 0.283 0.509 0.529 




L. S. D . o o s n . S. n. s. n. s. 
* Significant a t the 5% level of significance. 
+ Non-significant. 
Yield components were studied on 5 randomly selected plants at full maturity. The 
plants were used to obtain data on number of pods/plant, number of seeds/pod, 100-seed 
weight , and seed yield/plant. Total plants/plot were also counted to calculate final plant 
stand/ha. 
Leaf Area. Leaf area curves w i t h respect to t ime showed a sigmoid pattern in 1971 
and 1972 and a quadrat ic pattern in 1970 (Fig. 1). The fastest increase in leaf area occurred 
up to 50 days after planting in all the experiments and it appeared to be almost constant 
up to the end of the s t u d y , i.e. 80 days after planting. Since all the leaves were shed at harvest 
t ime , leaf area measurement was not carried out at this time). In general, plants of Clark 
had a higher leaf area in 1970 than those in 1971 and 1972 (Fig. 1). In addition, the isolines 
of Clark attained a larger leaf area t h a n those of Harosoy. The interaction between N rates 
and isolines at various stages of growth (Fig. 1) revealed a negligible effect of N fertilization 
in the early stages (i .e. 20 days after planting) in all the isolines of both Clark and Harosoy. 
At later stages, however , the differences due to N application became conspicuous. In the 
case of inoculated n o d isolines of both Clark and Harosoy, N application had no effect on 
leaf area at any stage of growth. In the case of nonnod isolines, an application of 50 kg N/ha 
or more caused a conspicuous increase in leaf area over the control. The significant increase 
in nonnod isolines, however, was observed only up to a level of 100 kg N/ha. With the higher 
levels of N application (200 or 300 kg N/ha) in nonnod isolines, almost the same final leaf 
area was achieved as in inoculated nod isolines. Uninoculated nod isolines behaved like non-
nod isolines in 1971 and like inoculated nod isolines in 1970 and 1972 (Fig. 1). 
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Table 2 
Number of pods/plant as affected by different treatments 
Iso l ines 0 25 
N Rates (kg /ha ) 
50 100 200 300 
pods plant 
1970 
Clark nod inoculated 3 0 3 7 3 5 2 8 3 8 
Clark nod uninoculated 2 5 3 3 3 4 3 7 4 3 — 
Clark nonnod 2 8 2 6 3 0 2 9 3 4 
— 
1971 
Clark nod inoculated 2 3 2 7 2 9 2 5 2 4 2 7 
Clark nod uninoculated 9 1 0 1 0 1 0 2 4 2 9 
Clark nonnod 1 0 1 1 1 4 2 2 2 9 3 0 
Harosoy nod inoculated 1 9 2 2 2 0 1 9 2 8 2 7 
Harosoy nod uninoculated 1 0 1 0 1 6 1 4 2 9 3 1 
Harosoy nonnod 1 3 1 5 1 7 2 1 3 0 3 2 
1972 
Clark nod inoculated 2 3 2 3 2 5 2 6 2 5 2 4 
Clark nod uninoculated 1 9 2 0 2 0 2 0 1 9 2 1 
Clark nonnod 1 5 1 6 1 7 1 7 2 0 2 1 
Harosoy and inoculated 1 9 2 3 2 5 2 0 2 0 2 1 
Harosoy nod uninoculated 1 7 2 3 1 9 2 3 2 0 2 2 
Harosoy nonnod 1 3 1 5 1 5 1 6 1 8 2 3 
1970 1971 1972 
L. S. D.0 .0 5 
(i) For comparing two N 
treatment means in 
the same isoline n. s. 6 . 7 8 * n. s. 
(ii) For comparing two 
isoline means at the 
same or different N 
treatments n. s. 6 . 7 9 * n. s. 
* Significant at the 5% level of significance. 
Final Plant Stand. A population of 0.4 million plants/ha was established in 1970 and 
0.6 million plants/ha in 1971 and 1972. A count of the population at maturity revealed that 
the population decreased in all experiments due to mortality (Table 1). However, the final 
plant stand was not affected by the various treatments except in the 1971 experiment, where 
the main effect of the isolines was significant. In this experiment, a significantly higher plant 
population was observed in the case of uninoculated nod Clark than in inoculated Clark. 
The nonnod Clark was intermediate, being on a par with that of inoculated nod Clark on the 
one hand, and with uninoculated nodulating Clark on the other. In the case of Harosoy, 
however, the nonnod isoline had a significantly lower final plant stand than the nodulating 
isolines (irrespective of inoculation). 
Number of Pods/Plant. Data on number of pods are presented in Table 2. In 1970, 
the number of pods was not significantly affected by the interaction between N levels and 
isolines. In 1971, increasing the rate of N application had no effect on pod number in inocu-
15* Acta Agronomica Acaderniae Scienliarum Hungaricae 26, 1977 
4 4 2 VA RIA 
Table 3 
Number of seeds/pod in different isolines of Clark and Harosoy 
1971 1972 1973 
Isol ines 
seeds /pod 
Clark nod inoculated 
Clark nod uninoculated 
Clark nonnod 
llarosoy nod inoculated 
Harosoy nod uninoculated 
Harosoy nonnod 
L. S. II.„


















* Significant at the 5% level of significance. 
lated nod isolines, whereas in the case of uninoculated nod and nonnod isolines, N fertiliza-
t ion caused a very conspicuous and significant increase in pod number when the N rate was 
200 kg/ha or more. In the case of Harosoy, on the other hand, the increase in pod number 
due to N application at 200 kg/ha or more resulted in a significant increase in all the isolines, 
although the magni tude of the increase was less in inoculated nod isolines than in uninocu-
lated nod and nonnod isolines. For instance, the m a x i m u m increases over the control due to 
N fertilization were 49%, 194% and 146% in inoculated nod, uninoculated nod and nonnod 
Harosoy, respectively. In 1972, similar to the 1970 experiment, the interaction between N 
rates and isolines w a s non-significant. However, the increase in pod number of nonnod plants 
due to N fertilization was more pronounced than that of nod plants. The nonnod isolines of 
Clark and Harosoy showed an increase in pod number of 45% and 7 5 % respectively over 
the control when supplied with 300 kg N/ha, as compared to only 6 — 1 0 % and 10 — 4 1 % 
in the case of their respective nodulat ing counterparts. 
Number of Seeds/Pod. Seed number/pod was not much affected by the various treat-
ments. Statistical analysis of the data revealed that differences between the isolines were 
significant in 1970 and 1972 (Table 3). In 1970, the seed number of inoculated nod Clark 
was significantly higher than that of uninoculated nod and nonnod Clark. In the 1972 experi-
ment , such effects were not observed. Isoline effects, in 1972, proved to be significant because 
the number of seeds in the Harosoy background was smaller than that in the Clark background. 
100-Seed Weight. This component was significantly affected by the interaction between 
N rates and isolines in all the experiments. In general, inoculated nod isolines produced 
bolder seeds than nonnod isolines. N fertilization had no effect on the 100-seed weight of 
nod isolines of Clark and Harosoy e x c e p t on uninoculated ones in 1971 which behaved similarly 
to nonnod isolines. The nonnod isolines responded to N fertilization with an increase in 100-
seed weight. This effect of N fertil ization in nonnod isolines became more apparent when 
100 kg N/ha or more was applied. In the 1970 experiment, an application of 200 kg N/ha 
caused an increase in seed weight of about 19% over the control. In 1971, the increases in 
seed size over the control due to 300 kg N/ha were 3 1 % and 42% in uninoculated nod and 
nonnod Clark and 31 and 43% in uninoculated nod and nonnod Harosoy, respectively. 
Similarly, in 1972, increases of 26% and 27% over the control were obtained by 300 kg N/ha 
nonnod Clark and Harosoy, respectively. 
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Table 4 
100-seed weight as affected by different treatments 
Isol ines 
N Rates (kg/ha) 
0 25 50 100 2 0 0 300 
g/100 seeds 
1970 
Clark nod inoculated 18.2 17.0 18.3 17.9 18.0 
Clark nod uninoculated 19.0 18.5 18.5 18.3 17.7 — 
Clark nonnod 12.8 13.6 13.5 15.9 16.5 
-
1971 
Clark nod inoculated 20.0 19.2 19.2 20.3 19.9 19.2 
Clark nod uninoculated 14.0 14.4 15.0 14.7 15.4 18.3 
Clark nonnod 12.8 13.3 14.0 14.7 15.2 17.3 
Harosoy nod inoculated 16.8 18.5 18.0 19.7 19.6 18.7 
Harosoy nod uninocxdated 15.9 16.1 17.6 18.9 18.3 18.3 
Harosoy nonnod 12.9 13.8 14.6 15.7 19.3 18.6 
1972 
Clark nod inoculated 19.5 18.4 18.2 19.5 19.4 18.6 
Clark nod uninoculated 18.4 18.2 18.7 18.8 18.5 18.3 
Clark nonnod 13.2 13.7 14.2 14.5 16.1 16.6 
Harosoy nod inoculated 17.6 16.6 17.8 17.1 17.1 17.0 
Harosoy nod uninoculated 17.3 17.4 17.4 17.2 17.3 16.9 
Harosoy nonnod 13.1 14.2 14.8 15.8 16.4 16.8 
1970 1971 1972 
L. S. D . 0 n5 
(i) For comparing two N 
treatment means in 
the saine isoline 1.48** 2.29* 2.43* 
(ii) For comparing two 
isoline means at the 
same or different N 
treatments 1.44** 2.53* 2.70* 
* and ** significant at the 5% and 1% level of significance, respectively. 
In general, N fertilization did not appear to be helpful in increasing the leaf area, 
pod number and 100-seed weight of inoculated nod isolines. Effect ive nodulation and sym-
biotic N f ixat ion (PAL—SAXENA 1975b) are essentially the reasons for this type of behaviour. 
Although the contribution of symbiosis decreased ( 8 3 % to 12%), accompanied by the increas-
ing contribution of inorganic N (17% to 88%), owing to increasing rates of fertilizer N , the 
gain in leaf are and yield components remained negligible in inoculated nod isolines. This was 
also true with the seed yield data (PAL—SAXENA 1975a). In contrast to this, non-nodulating 
isolines responded to N fertilization with an increase in the leaf area, pod number and 100-
seed weight. However, even at the highest level of N fertilization in nonnod isolines, none 
of the components were higher compared to those in inoculated nod isolines. This negates 
the possibility of increasing the soybean yield through fertilizer N supply. In 1971 uninocu-
lated nodulating isolines responded to N fertilization. This is due to the fact that the soil of 
1971 was quite virgin for soybean cultivation and no nodulation occurred (PAL—SAXENA 
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Table 5 
Correlation coefficients between various growth and yield components. 
Data for nodulating as well as non-nodulating isolines of both cullivars were used 
together for computing r 
Leaf area + 
100-Seed Seed 
C o m p o n e n t s pods/plant weight 
y i e l d / p l a n t y i e l d / h a 
1970 1971 and 1972 
Leaf area 0.792** 0.699** 0.811** 0.775** 
(0.706**) (0.898**) (0.859**) (0.958**) 
Number of pods/plant 0.553** 0.689** 0.895** 0.648** (0.782**) (0.877**) (0.753**) 
100-seed weight 0.948** 0.386 0.825** 0.914** (0.873**) (0.870**) 
Seed yield/plant 0.848** 0.648** 0.804** 0.796** 
(0.887**) 
Seed yield/ha 0.961** 0.460* 0.778** 0.848** 
Values in parentheses correspond to 1972. 
* and ** significant at the 5% and I"0 levels, respectively. 
+ Leaf area at 65 days after planting (pod filling stage). 
1975a). This would also suggest that in the 1971 experimental plots, either native symbiot ic 
flora (Rhizobium sp.) were absent or if they were present, they must have been at mos t of 
the cowpea group. On the other hand, the responses of uninoculated nod isolines to N fertiliza-
tion in 1970 and 1972 were negligible. This is due to the fact that the soils for the 1970 and 
1972 experiments had been used for soybean cult ivation, which resulted in as much effect ive 
nodulation as was obtained in inoculated conditions. This statement is very well supported 
by data on nodulation and symbiot ic N fixation (PAL—SAXENA 1975b). 
It is, therefore, deduced that under the humic subtropical conditions in the foot-hills 
(tarai) of the Himalayas, inoculation alone could result in better growth and development in 
soybean. Furthermore, soybean could be grown, even without inoculation, on soils that have 
been used for soybean cultivation in the past and are rich in organic matter. In the absence 
of nodulation, an application of about 200 kg N / h a or more would be sufficient to obtain 
better growth and development of soybean. 
Correlation Studies. Although seeds yield/ha ( P A L - S A X E N A 1975a) and seed yield/plant 
(PAL—SAXENA 1976) have been discussed elsewhere, these are also included for correlation 
studies. Correlation coefficients for each of the relationships are given in Table 5. (Since f inal 
plant stand and number of seed/plant did not exhibi t significant relationships with any of 
the other parameters, r values for their relationships are riot given.) Table 5 shows that the 
leaf area (at 65 days after planting), number of pods/plant and 100-seed weight are posit ively 
related with each other, and this concurrently affects the yield/plant and yield/ha. Leaf area 
exhibited a high order of relationship (significant at - 0.01) with pod/plant, 100-seed weight, 
yield/plant and yield/ha. This suggests that during the pod-filling stage, a leaf area of about 
1000 cm2/plant in the rainy season (July—October grown crop) and about 600 cm 2 /plant 
in the summer season (March—June grown crop) would result in higher soybean production. 
Similarly, pod number/plant and 100-seed weight were also highly significantly correlated 
with seed yield, though a non-significant correlation existed between pod number and 100 
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grain weight in 1970. Yield/plant may explain the 61 — 77% variat ion in yield/ha, which 
indicates that yield/plant alone m a y not be enough to predict the soybean production/ha, 
but final plant stand is also of prime importance. Although r va lues with final plant stand 
were not significant, it could explain the rest of the variations in yield/ha. 
• 
Prepared at the Department of Agronomy, G. B. Pant University of Agriculture 
and Technology, Pantnagar. 
U . R . P A L , M . C. S A X E N A 
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LECTIONES 
SECONDARY SALINIZATION AND ALKALIZATION OF SOILS 
IN I R R I G A T E D AREAS* 
Irrigation exerts a great influence on the upper layers of the earth's crust, not only 
by altering the weathering processes and the transport of their products in these layers, 
but by affecting practically every element of the natural environment. The irrigation results 
in a rapid and essential transformation of the earth's surface, particularly in the top layers 
of the soil. 
As regards the purpose of irrigation, it is exclusively connected with crop production. 
Our ultimate aim is to increase agricultural production by insuring continuously and regularly 
the optimum water supply for the plants. 
The execution of this aim poses very complex problems which can be solved success-
fully only if the totality and the interaction of agronomical, culture-technical and soil science 
factors are taken into careful consideration. 
The ability of plants to take up and to utilize the applied irrigation water is pro-
foundly influenced by the soil properties. At the same time irrigation water has an important 
effect on the physical, chemical and biological processes taking place in the soil. As a result 
of irrigation the water regime of the soil changes and this may permanently or temporarily 
alter the various soil properties. 
Among the diverse effects of irrigation on soils, particular attention should be paid 
to secondary salinization and/or alkalization and water-logging processes. Those soils, which 
are saine or alkali affected by irrigation are generally called secondary salinized and/or 
alkalized soils. All areas where this hazard may arise can be indicated as potentially salt 
affected territories. 
Theoretically, there are many factors affecting salt affected soils, however, practically 
it is irrigation which leads to the formation of many million hectares of saline and/or alkali 
soils in different parts of the world. Often paradox things happen in irrigation systems estab-
lished by thorough work and expensive planning and construction, when the soils, instead 
of increasing in their fertility, transform into poor saline land. This process is known as second-
ary salinization and/or alkalization, and is as old as irrigated agriculture. 
Many thousands of square kilometres of fertile irrigated lands were transformed into 
saline and alkali deserts during the history of mankind under the influence of improper irriga-
tion. Unfortunately, this is not a thing of the past. The secondary salinization and/or alkaliza-
tion process is showing a disastrous increase, parallel wi th the construction of new irrigation 
systems in many countries all over the world, particularly in arid and semi-arid regions, 
of in regions with mineralized groundwaters near the surface of the soil. 
* Lecture held at the Vth Congress of the Yugoslav Society of Soil Science (Sarajevo. 
31 May—2 June, 1976). 
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The extension of irrigation — according to llie demand for the increase of food pro-
duction - makes it imperative to pay due attention to potential salinization and/or alkaliza-
tion in order to study and characterize this process, as well as to predict and prevent it wher-
ever possible. 
It is well known that the majority of the irrigated territories of the world are exposed 
to the hazard of secondary salinization, alkalization and water-logging. 
According to est imations made by the U N and affiliated organizations (FAO, UNESCO) 
more than 50% of all irrigated lands of the world have been damaged by secondary saliniza-
tion and/or alkalization and water-logging. According to the same estimations, m a n y million 
hectares involved in irrigation systems have to be abandoned from production yearly as a 
consequence of the above mentioned processes (ANONYMOUS 1973). 
While the existing salt affected soils can be recognized on the basis of a few morpho-
logical, chemical and physico-chemical observations and determinations, the recognition of 
the long-term hazard of salinity or alkalinity on any given territory necessitates special 
surveys and methods. 
In the light of the paramount importance of irrigation and of the close relationship 
existing between irrigation, drainage and the salinity and/or alkalinity of soils, it was deemed 
necessary to delineate — whenever possible on the basis of the available data — those areas 
on the maps of salt affected soils which are exposed to the hazard of salinity and alkalinity 
owing to the introduction, the present practice and/or to the further extension of irrigation. 
Fig. 1 presents a map indicating the present and potential salt affected soils in Europe. 
The Map of Salt Affected Soils in Europe (sponsored b y UNESCO, FAO and ISSS) 
shows the areas where potent ial salt affected soils are developing (ANONYMOUS 1974). This 
map demonstrates that even in Europe — where the extension of salt affected soils is lower 
than in some other continents — the surface covered by potential salt affected soils is equal 
to or greater than the territories where present salt affected soils occur. Evidently , in con-
tinents with more arid conditions, this rate is much higher. 
Secondary salinization and alkalization processes may take place mainly in one or 
more of the following s i tuations: 
1. Accumulation of salts from irrigation water of poor quality. 
2. Increase in the level of groundwater, a ) The salt content of the groundwater accu-
mulates in the deeper soil layers; b) the rising groundwater transports the salts from the 
deeper soil layers to the surface or surface layers, or c) the rising water table l imits natural 
drainage and hinders the leaching of salts. 
3. Lack or low e f fec t iv i ty of drainage systems in irrigated soils. 
The possible hazard of salinization and/or alkalization in irrigated areas or areas to 
be irrigated may be determined by the following factors: 
1. Climatic factors such as: temperature, rainfall, humidity , vapour pressure, evapora-
tion and their fluctuations and dynamics; 
2. Geological, geomorphological, geochemieal, hydrological, hydrogeological and 
hydrochemical factors such as: natural drainage, the depth and fluctuation of the water 
table, the direction and ve loc i ty of horizontal groundwater f low, salt content and composi-
tion of the groundwater, etc . 
3. Soil factors such as: soil profile, texture, structure, saturated and unsaturated 
water conductivity, soluble salt content, salt composition and salt profiles, exchangeable 
cations, p H , etc. 
4. Agrotechnics such as: land use, crops, cultivation methods, etc. 
5. Irrigation practices such as: the amount of irrigation water: method, frequency 
and intensi ty of irrigation, salt content and composition of irrigation water, natural and 
artificial drainage, etc. 
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Fig. 2. General possibilities of e f fect ive irrigation from the viewpoint of soil conditions and 
the existing undesirable soil processes due to irrigation in the Eastern part of the Hungarian 
Plain (1. Areas to be irrigated, 2. Areas that may he irrigated conditionally, 3. Areas not 
to be irrigated, 4. Secondary salinization and alkalization, 5. Secondary peat formation, 
6. Secondary salinization and alkalization combined with secondary peat formation) 
The above-mentioned factors determine the aims and methods of the preliminary 
survey of soils in order to define the degree or the existence of potential salinity and/or 
alkalinity (ANONYMOUS 1971). 
Evidently, the environmental conditions oil the one hand and the methods of util iz-
ing the territory in question on the other hand should be taken into consideration when an 
area is evaluated in this respect. D u e to this fact different limit values and different methods 
— based on un i form principles — should be selected in the course of this procedure. For 
example, in arid regions, in deserts and semi-deserts practically all irrigated areas are poten-
tially salt affected owing to the arid climate as well as to the high accumulation of salts in 
the soils and waters . 
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Fig. 3. Soil Map (1. Noil-calcareous meadow chernozem soil, 2. Calcareous meadow chemo 
zeni soil, 3. Meadow chernozem soil, solonetzic in deeper layers, 4. Shallow meadow solonetz 
soil, 5. Medium meadow solonetz soil, 6. D e e p meadow solonetz soil, 7. Solonetzic meadow 
soil, 8. Strongly solonetzic meadow soil, 9. Meadow soil, 10. Meadow soil, salty in deeper 
layers, 11. Calcareous chernozem meadow soil) 
The basic aims of the survey and s tudy of potentially saline or alkaline soils are to 
predict the harmful processes and to elaborate, whenever possible, methods suitable for 
preventing the occurrence of secondary salinization and alkalization. 
In order to develop a reliable method of predicting salinization and alkalization the 
following problems have to be solved: 
1. The main sources of water soluble salts (irrigation water, groundwater, surface 
waters, salty deep soil layers, etc.) must be identified. 
2. The main features of the salt regime must be characterized (salt balances); and 
the whole range of natural factors influencing the salt regime must be analysed. 
3. The effect of irrigation and drainage on the water and salt regimes of the soil must 
be predicted and determined. 
Consequently, an exact salinity and/or alkalinity prognosis must be based oil an 
evaluation of many natural and human factors and a knowledge of the existing soil processes, 
as well as the pattern of planned soil uti l ization (DARAB 1962). 
In the Hungarian Plain, the processes of secondary salinization and alkalization are 
wide-spread and show a tendency to increase, parallel with the setting up of new irrigation 
systems, primarily in the Danube and Tisza river valleys. The problem became urgent with 
the establishment of new power plants and new irrigation systems attached to them. 
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Fig. 4. Map of the mechanical composition of the soils and of the water regime properties» 
A (Mechanical composit ion: 1. sand; sandy loain, 2. loam, 3. clay loam, 4. clay, 5. heavy 
clay), В (Water regime properties: 1. Soils with very low water holding capacity and very 
high permeability, 2. Soils with low water holding capac i ty and very high permeability, 
3. Soils with medium water holding capacity and high permeability, 4. Soils with high water 
holding capacity, a high available moisture content and medium permeability, 5. Soils with 
high water holding capacity, a high available moisture content and medium permeability, 
6. Soils with very h igh water holding capacity and low permeability, 7. Soils with very high 
water holding capaci ty and very low permeability 
In order to predict and prevent the hazard of the above mentioned processes, a thorough 
survey has been carried out regarding all soils to be irrigated, in order to estimate and de-
termine the probable hazard of salinization and/or alkalization, and recommendations have 
been made. The details of this survey have been published (SZABOLCS et al. 1969). 
I. Reconnaissance survey on the scale of 1 : 100 000 
The map presented in Fig. 2 was constructed on a scale of 1 : 100 000 and indicates 
the general possibilities of an efficient salinity-alkalinity control, of the prevention of second-
ary salinization and alkalization processes, and the preconditions of effective irrigation 
from the viewpoint of soil conditions. For the construction of this synthesis map a series 
of maps were prepared or adopted using the same scale: 
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Fig. 5. Map of the water soluble salt and exchangeable N a + content of the soils, A (The 
average total salt content of the soils above the ground water as a percentage. 1. 0.050— 
0.075%, 2. 0.075—0.10%, 3. 0 . 1 0 - 0 . 1 3 % , 4. 0 . 1 5 - 0 . 2 0 % , 5. More than 0 .20%); В [The 
m a x i m u m salt content of the salt profile as a percentage. (The first figure of the two-figure 
number in the fields indicates): 1. Less than 0.10%, 2. 0 . 1 0 - 0 . 2 0 % , 3. 0 . 2 0 - 0 . 4 0 % , 4. More 
than 0.40%]; С [Depth of appearance of the salt maximum in cm. (The second figure in the 
two-figure number in the fields indicates): 1. 0—5 cm, 2. 5 — 25 cm, 3. 25—50 cm, 4. 50— 
100 cm, 5. 1 0 0 - 1 5 0 cm, 6. More than 150 cm]: D (The p H value of the B, horizon. 1. 8, 
2. 8 - 9 ) 
•— soil map (soil type) 
— map of the average depth of the water table 
— map of the minimum depth of the water table 
— map of the average salt concentration in the groundwater 
— map of the chemical composition of the groundwater. 
The following information was also used: 
— map of the absolute height of the water table 
— map of the hydrophysical properties of the soils 
— geological maps 
— data of long-term groundwater-table observations (more than 500 wells were ob-
served for over ten years). 
On this map the following categories were distinguished: 
a) Areas to be irrigated: 
b) Areas that m a y be irrigated conditionally; 
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3 L 5 km 
Fig. 6. Ground water map , A (The average depth of the water table in metres . 1. 0—15, 
2. 1.5—2.5, 3. 2 . 5 - 3 . 5 , 4. 3.5—4.5, 5, 4.5 6.0, 6. >6.0) : В (Total salt content of the ground 
water in g/1. 1. 0 - 1 , 2. 1 — 2, 3. 2—4, 4. 4 8, 5. >8) : С (Na % in the ground water . 1. < 5 0 % 
2. 50—75%, 3. 7 5 - 9 0 % , 4. >90%) 
c) Areas not to be irrigated; 
d) Secondary salinization and alkalization; 
e) Secondary pea t formation; 
f ) Secondary salinization and alkalization combined with secondary peat formation. 
II . Detailed soil and hydrologie surveys and mapping 
After having gained a general knowledge of factors and processes influencing the 
present and future salinity-alkalinity s ta tus of soils over a large area (water catchment 
area, ecological region, irrigation massive, etc.) more detailed soil and hydrologie surveys 
are necessary for the more detailed description and predict ion of salinization-alkalization 
and reverse processes, and for the more exact and accurate analysis of factors which influence 
t hem and of the possibilities of control. The elements and subjects of the detailed surveys 
are the same or similar to those of the reconnaissance survey. But, on account of the larger 
scale, more sub-factors have to be surveyed, measured, monitored and analysed more 
thoroughly ( D A R A B — F E R E N C Z 1 9 6 9 ) . 
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Fig. 7. Map indicating the critical depth of the water table (Critical depth of the water table: 
1. 2 in, 2. 2.5 m, 3. 3 m, 4. 3.5 m, 5. 4 m, 6. 4.5 in) 
A) Soil characteristics 
1. Characteristics of the soil cover (soil types, subtypes, variants and their associa-
tions; structure of soil cover; heterogeneity; evaluation of the existing and potential soil 
processes; etc.). 
2. Characteristics of the parent material (evaluation of parent material as a potential 
salt source and as the main influencing factor of the vertical and horizontal f low of sub-
surface waters). 
3. Physical characteristics of the soil (texture structure: rate and stability of aggrega-
tion, porosity, pore-size distribution: moisture characteristics of the soil: pF-curves, water 
retention, water holding capacity, wilting percentage, available moisture range; saturated 
flow; f low of solutes in unsaturated soil layers; time and spatial variation of suction and/or 
moisture profiles). These factors have to be interpreted first of all for the description and 
prediction of water and salt movement in layered soil profiles: the possibilities and pre-
conditions of leaching on the one hand and those of salt accumulation from the groundwater 
on the other hand. 
4. Salt regime characteristics of the soil and of the area (spatial — vertical and horizon-
tal — and time variations of the quantity and quality of water soluble salts: general and fac-
torial salt balances). 
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Fig. 8. Map indicating the conditions and the possibilities of irrigation, A (The possibilities 
of irrigation. 1. Areas where irrigation is suggested, 2. Areas where irrigation is suggested 
conditionally, 3. Areas where irrigation is not suggested): В (The conditions of irrigation. 
1. Lowering of the water table, 2. The rise of the water table must he prevented, 3. The 
regular control of the water table is necessary): С [General directives of irrigation. 1. Frequent 
irrigation with low water dosage rates, 2. Medium frequent irrigation with medium water 
dosage rates, 3. One (or infrequent) irrigation with high water dosage rates] 
5. Other chemical characteristics of the soil (soil reaction: carbonate-status; CEC; 
exchangeable cations, especially the mobile sodium balance; etc.). In this respect special 
attention has to he paid to the reversibility of salinization-alkalization processes, because 
reversible processes can be controlled and balanced relatively easily while the salinity-
alkalinity control meets serious difficulties in the case of irreversible (or near irreversible) 
processes (i.e. salinization and alkalization of heavy-textured swelling clays under the effect 
of sodium salts capable of alkaline hydrolysis: Na„C03 , NaHC0 3 ) . 
В) Hydrological characteristics 
6. Groundwater hydrology (depth and fluctuation of the water table; horizontal f low 
of the groundwater as a function of hydraulic gradient and hydraulic conductivity; main 
factors of groundwater supply; etc.). 
7. Chemical characteristics of the groundwater (concentration and ion-composition of 
the groundwater: changes in these factors during the upward capillary f low, etc.). 
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Factors 5 and 7 supply information for the estimation of the possibilities of salt 
accumulation processes from the groundwater (reality of the hazard of secondary salinization 
and alkalization due to a rise of the water table under the effect of changing environmental 
factors or human activity) and for the evaluation of subsurface waters as potential irriga-
tion waters. 
8. Surface water characteristics (listed in the preliminary survey). These factors have 
to be evaluated as a potential salt source and as a potential water source for irrigation and 
leaching. 
Adequate data on the above mentioned soil and hydrological characteristics 
— can be obtained from reports oil geographical, geomorphological, hydrological, 
hydrogeological and ecological surveys (descriptions, data, maps, cartograms, various air 
photos, photomosaics, and recently satellite spectral photographs, etc.); 
— can he collected from the regular climatological, groundwater and piezometric 
observations and available soil moisture records; 
— can he measured directly during the detailed soil and hydrologie surveys; 
can be calculated and/or estimated from available data or from measured values. 
Based on the above mentioned principles, a series of maps has been prepared, originally 
on a scale of 1 : 25 000, for the whole area in order to help not only the prediction and pre-
vention of secondary salinization and alkalization, hut also the praxis of irrigation, related 
to the quanti ty and quality of irrigation water, type of irrigation, etc. 
In Figs 3, 4, 5, 6, 7 and 8 the maps indicate all important soil and environmental 
properties (i.e. salinization and alkalization of ground and water; most important physical 
and chemical soil properties; "critical" depth of the groundwater, etc.) which should be 
taken into consideration during both the construction and exploitation of irrigation systems. 
In Hungary this detailed mapping has been carried out joint ly by the Research Institute 
for Soil Science and Agricultural Chemistry of the Hungarian Academy of Sciences and the 
Hungarian National Institute for Agricultural Quality Testing, Budapest, for the whole 
territory where irrigation is envisaged for the future. 
III. Monitoring 
A detailed, follow-up survey system is necessary to regularly measure water and 
soil processes during the operation of the irrigation project even though planning may 
have been perfect and as much caution as possible taken to prevent soil damage. The survey 
system should indicate the measures that must be taken to control the water and salt regimes. 
E v e n with severe precautionary measures, it might happen that one or more factors 
unexpectedly exceeds its l imit. In this case the preconditions of effective irrigation would 
not prevail and harmful soil processes might occur and depress soil fertility. For example, 
even the forecasted depth of the water table and the predicted salt balances based on a detailed 
and complex analytical s tudy cannot give an exact , certain forecast of the integrated effects 
of natural factors (climatic, hydrological, hydrogeological, etc.) and irrigation, especially for 
the whole area of the irrigation project (irrigation massive) during long periods. 
Thus an adequate water and salinity control system is necessary in which the following 
factors have to be outlined and thoroughly determined: 
- aim and subject of investigations (the factors and features to be examined), 
sampling (time, frequency, intervals, methods, etc.), 
field and laboratory examinations (including procedures, statistical analysis, pos-
sibly a computer programme, etc.), 
— necessary measures must be taken, on the basis of the evaluated results, for water 
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and salinity control. These measures should prevent harmful effects of irrigation such as: 
p e a t formation, salinization, alkalization, solodization, etc . 
In respect of the world-wide importance of salinization and alkalization problems of 
irrigation systems, the described or similar methods should be studied and elaborated 
in all cases of projecting and establishing irrigation systems in all areas where these processef 
m a y develop or strengthen if affected b y extended irrigation. 
I . S Z A B O L C S 
Research Institute for Soil Science 
and Agricultural Chemistry 
of the Hungarian Academy of Sciences 
H-1022 Budapest , 
Herman O. u. 15. 
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P A R K , R . D . - E D D O W E S , M . : Crop husband-
ry. 1975. Oxford, Univ. Press. Second Ed. 





The authors summarize the fundamental 
and most important facts of crop production 
on 323 pages divided, for the sake of clarity, 
into sections and complete with 24 figures, 
22 tables and an index. The book is intended 
primarily for practical workers. 
Part I presents statistical data on crop 
growing in Great Britain and the European 
Economic Community, and gives a detailed 
evaluation of the sowing areas and yield 
averages during the last decades in relation 
with the level of mechanization, the rate of 
fertilization and the optimization of work. 
The economic eff iciency of production is 
evaluated under the production conditions 
prevailing in the United Kingdom. 
Part II qualifies the most important 
factors that influence the yield. The effect 
of soil and climate on production, which also 
determines the cultivation methods, is dis-
cussed with full particulars in the handbook. 
The authors describe the major soil types, 
their structures and water regime, in partic-
ular the removal of ground water by drainage, 
and irrigation. Besides methods of irrigation 
the optima of irrigation water for soil types 
and crops are also given. Besides the classical 
types of crop rotation the inclusion of mono-
cultures resulting from herbicide application 
in crop rotation is also discussed in addition 
to a number of perennial crops. Grassland 
management — a highly important branch 
of agriculture in the United Kingdom 
can similarly be included in crop rotation as 
a perennial crop. Sowing is described — 
together with the soil cultivation machines 
in connection wi th the proper method of 
seed-bed preparation, with special regard to 
mechanical weed killing. The practice of 
plant protection is discussed together with 
the application os pesticides (herbicides 
fungicides, insecticides), but the fullest de-
tails are given for herbicides: phenoxy-acids, 
triazins, urea derivatives, bipyridyls, sub-
stituted phenols, carbamates, and other 
herbicides, e.g. triazols. The authors suggest 
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growing phytopathologically resistant varie-
ties in the first place, but also give an account 
of the practical advantages of using systemic 
fungicides. They speak of soil sterilization 
and the possible chemicals for use against 
phytopathogenic fungi, bacteria and viruses 
together with methods of control. They 
summarize the major pests of f ield crops 
and how to control them from a practical 
point of view. In particular the effects of 
insecticides jointly applied with fertilizers 
are introduced. 
Part III deals with the practice of crop 
production, with special regard to the supply 
of nutrients, including both macro- and 
micro-elements. Nitrogen application sub-
stantially increases the chlorophyll content 
and also influences the quantity of yield and 
the protein content. The effect of phosphorus 
application, though not spectacular, is cer-
tainly felt in the yield increase. The levels 
of phosphates soluble in water and 2% citric 
acid are regarded as being of basic impor-
tance from the point of view of nutrient 
supply and availability, though great im-
portance is also attached to the insoluble 
and total phosphate contents, with a view 
to their potential transformation. In the 
authors' opinion potassium fertilization by 
itself or in combination with nitrogen and 
phosphorus is principally involved in im-
proving the quality of the yield, and does 
not cause yield surpluses. Of the micro-
elements the advantages of calcium, magne-
sium, manganese and boron supplies are 
discussed. After that the structure and func-
tion of the leaf as the organ of photosynthesis 
and evaporation are dealt with, and the basic 
types of cell respiration outlined. The hand-
book determines the rate of fertilization on 
the basis of the amounts of nitrogen, phos-
phate and potassium extracted hy cultivated 
plants, and presents a table giving the re-
commended nutrient supply for field crops. 
The structure of the seeds and the generally 
applied methods of seed treatment are de-
scribed from the point of view of practical 
crop growing. Seeds pelletized with fertilizers 
and fungicides are described in detail and 
recommended by the authors. Sowing t imes 
are g iven for Great Britain, with special 
regard to the grain crops. The data and 
yield averages of field crops (wheat, barley, 
oat, potato, sugar-beet, pea, horse-bean, 
carrot, fodder cabbage, rape, turnip, swede, 
maize) are given in general, and for the mos t 
important varieties in particular, on the 
basis of the FAO year-book (1972). Grass-
land management, which is carried out over 
12 million hectares in the United Kingdom, 
is treated at great length. The harvested 
crop amounts to 2.5—15 ton/ha dry matter; 
the yield averages have considerably in-
creased over the last ten years due mainly 
to fertilization and herbicide application. 
The botanical composition of grasslands, 
plantation by species or in grass mixtures, 
is discussed in connection with the papiliona-
ceous plants (red clover, white clover). Apart 
from grazing, the crop from the grasslands 
is preserved in the form of hay or silage. 
Not only the techniques hut also storage 
losses are presented. In addition to giving 
the yield averages for cereals, potato and 
sugar-beet and for green fodder plants, 
primarily for silage maize, the authors 
describe in detail the method and machines 
used in harvesting. 
Finally, the authors consider the econom-
ic ef f ic iency of crop production on the hasis 
of the cost demands of mechanization and 
plant protection. The average data and 
evaluations refer to the United Kingdom. 
B . I . P O Z S Á R 
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Socialist Agriculture in Hungary 
b y E . Csizmadia 
W h a t stage has t h e economic deve lopment of t o d a y reached in a central 
E u r o p e a n count ry where in the f i rs t half of our cen tu ry large es ta tes still 
prevai led , and society was still b u r d e n e d wi th f euda l r emnan t s ? The reader 
in teres ted in problems of socialist deve lopmen t will certainly f i nd a weal th 
of in format ion in th is book . One of t h e key issues of economic g rowth is how 
agr icul ture , the p roduc t ion of food, f i t s into t h a t g rowth . Shall we he able to 
solve t h e problem of increasing p roduc t ion , considerably improving our food 
supply and even increasing our food expor t s s imul taneously wi th t h e t rans-
f o r m a t i o n of small-scale peasant f a r m s into large-scale f a iming complexes? 
An insight into not only the agrar ian deve lopment and agrar ian policy b u t also 
in to Hunga r i an economic life and economic policy if offered by th is book for 
those interes ted in all these topics . 
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T h e volume p resen t s the history of animal b reed ing in Hunga ry , wi th regard 
to t h e period b e t w e e n the two world wars and in t h e pas t 25 years . The eco-
nomic-social condi t ions de termining animal breeding, as for example the con-
sequences of the d is t in tcgra t ion of t h e H a p s b u r g Monarchy, and t h e world 
economic crisis, a re discussed in t h e volume. Sta t is t ica l source mater ia l —-
which is t rea ted w i t h a critical app roach — provides the basis of analysis in 
add i t i on to the con tempora ry economic and agrar ian-economic l i t e ra ture 
complemented b y t h e material of t h e press. Along wi th the detai led p ic ture of 
the h is tory of t h e various an ima l species, s epa ra t e chapters deal wi th t h e 
fodde r , breeding a n d animal hea l th protect ion h is tory of the periods con-
cerned and with t h e policy of t h e S t a t e in re la t ion to animal breeding. 
In Engl ish • Approx . 400 pages • Cloth 
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"Geography of World Agriculture", 6. 
By U. Varjo 
Finland is one of the northernmost countries of Europe, possessing a major 
agricultural sector. Finnish agriculture is an excellent example of how farmers 
can adapt to unfavourable natural conditions. Besides analyzing the different 
agricultural branches and their regional variations, the author gives a very good 
description of the socio-economic organization and geographical structure of 
the agricultural regions. He employs such a new method for the expression of 
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